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Sun’s Ultraviolet Light Makes Radio Possible. The sun’s ultraviolet light, 
consisting of waves too short to be seen with the eye, and which prevents the occurrence 
of rickets in children, may also have to be thanked for making radio, telegraphy, and tele- 
phony possible. Before the National Academy of Sciences, Dr. FE. O. Hulburt, of the 
U. S. Naval Research Laboratory, announced his theory that the ultraviolet light in 
the sun alone causes the ionization of the upper layers of the earth’s atmosphere. This 
ionization is associated with the so-called Kennelly-Heaviside layer, which is believed 
to hold radio waves down close to the earth, and prevent them from spreading out 
into inter-planetary space. By successive reflections from this layer, radio waves are 
brought back to the earth, so that the antipodes are able-to communicate with each 
other. , 

Waves as short as 16 millionths of an inch can be perceived by the eye, but the 
waves to which Dr. Hulburt ascribes the cause of the ionization are about 5 millionths 
of an inch in length, or even shorter. He pointed out that this theory was based en- 
tirely on known laws of pressure and the constitution of the high atmosphere, and of the 
way that atoms lose part of their quota of electrons when they become ionized. Be- 
cause of the seasonal changes of the upper atmosphere, and the lower altitude of the 
sun during the winter, ionization in winter time is reduced, and this accounts for the 
better radio transmission during the cold months. ‘To the daily changes in ionization, 
with the coming of darkness, is due another change in ionization, and which is respon- 
sible for the better night transmission. 

Since, he says, a satisfactory theory of this kind must account for what happens to 
all of the light from the sun, Dr. Hulburt has worked out the fate of all the sun’s ultra- 
violet light. The shortest wave, of lengths less than about 3 millionths of an inch, he 
says, cause the ions to form in the highest layers of the atmosphere. Part of this causes 
the aurora borealis. Waves between 3 and 5 millionths of an inch cause the ions at a 
layer between 90 and 120 miles high in summer, and between 50 and 62 miles in winter. 
Waves of lengths between 5 and 7 millionths of an inch are absorbed by the oxygen 
and turn it to ozone, but these, and the longer waves, do not produce any ions. Waves 
longer than about 11 millionths of an inch reach the earth’s surface, where they cause 
sunburn and cure rickets.—Science Service 

Food’s Utilization Unaffected by Oil. Food is digested, absorbed, and made avail- 
able for doing the body’s work just as effectively when liquid petrolatum is added to the 
diet as when inert laxative oil is not taken with the food. ‘To the American Medical 
Association, Dr. Alfred B. Olsen of Battle Creek Sanitarium reported experiments on 
dogs and human beings that settled this moot medical question.— Science Service 

New Serum Aids All Types of Pneumonia. A new serum for treating pneumonia, 
developed by Dr. L. D. Felton, of Harvard University, has given very promising results 
in combating this highly fatal disease. 

The serum marks an advance in that it can be used for all four of the recognized 
types of pneumonia, according to Dr. Russell L. Cecil of the Bellevue Hospital, who has 
obtained very efficacious results from its use in the pneumonia clinic of that hospital. 
It works best with types one and two, the two groups that comprise the majority of 
pneumonia cases. The recoveries after its use with type one have been very encourag- 
ing, indeed, Dr. Cecil declared, though the deadly type three which always has had a 
very high death rate has proved the least amenable of any group. 

Pneumonia serums used in the past have been specific for each type. Since certain 
laboratory procedures have to be followed out before the type from which the patient 
is suffering can be determined, precious time often has to be lost before the doctors 
know which serum to give. The Felton serum of mixed cultures can be administered 
on admission to the hospital and frequently a gain of many hours can be made in check- 
ing the course of the disease.— Science Service 
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EDITOR’S OUTLOOK 


OT the least of the bereavements which American chemistry has 
suffered of late occurred in the death of Theodore William Richards 
last April. Dr. Richards was no doubt most widely known through his 
superlatively exact and skilful work in the determination 

Theodore ? ; ' ; 
ep of atomic weights, yet this was but one phase of his 

William hae : 
Richards contribution to the science. Over three hundred papers 
attest the breadth of his interests, the precision of his 
work, and the ingenuity of his mind. 
In an editorial article the New York Times said of him: 


If Lord Kelvin’s oft-quoted dictum “Science is measurement” needed any justifica- 
tion, it would be found in the career of Professor Theodore W. Richards, of Harvard; 
for with him passed one who was a distinguished scientist because he was a skillful, 
patient and accurate measurer. 


And this statement is true, yet it falls far short of telling the whole 
story. One should not gather from it that Dr. Richards’ life was spent 
in merely applying the established yardsticks in the indiscriminate ac- 
cumulation of new data, however exact. Invariably he improved the 
older methods of measurement and occasionally he devised new methods 
and instruments. Furthermore, he measured with a purpose. His 
determinations, aside from their permanent value as reliable fundamental 
data, nearly always formed the basis for significant theoretical inductions 
on his own part. 

But nobly as Dr. Richards advanced the cause of chemistry through 
his own researches, it is probable that he has indirectly accomplished 
even more through his activities as a teacher. ‘The charm of his per- 
sonality and the fame of his lectures attracted many able minds to his 
classroom and laboratory at a time when chemistry and chemists were 
but lightly esteemed in this country. In an appreciation published 
in the Nucleus for May, “L. P. H.” says: 


To Professor Richards the development of his students was of even greater im- 
»ortance than the discovery of new facts, and the promulgation of new theories. To 
lim it was as important to produce a scientific worker as a scientific fact. Students in 
nany parts of the world are practising his methods of accuracy, and following his 
xample of clear exact thought. In this connection, G. P. Baxter, G. N. Lewis, L. J. 
Ienderson, Roger Adams, J. B. Conant, J. H. Matthews, A. W. Rowe, A. B. Lamb, 
1. S. Cushman, Grinnell Jones, G. S. Forbes, Farrington Daniels, are among the many 
‘rominent chemists in this country that might be mentioned. Of those abroad, Otto 
Ionigschmid, at Munich, is probably the greatest European worker on atomic weights. 


The Richards brothers have been cited as an interesting study in 
eredity. Sons of a father who was the foremost marine painter of his 
ime and a mother distinguished in literature, the one became a famous 
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chemist, the other an equally prominent biologist. Yet it seems to us 
that there is no anomaly here. ‘The Nation got at the heart of the matter 
when it said: 

Essentially, however, Professor Richards was an artist. His father, William T. 
Richards, was a painter distinguished for his seascapes. His mother was a poet. He 
himself was a musician and an artist in water colors. He once said: “If I were asked 
to select the best chemist in any gathering I should find out first who played the ’cello 
best.’’ It seemed obvious to him that scientific research is an expression of the same 
creative impulse that appears in all art. He did not live to see this truth generally 
recognized; research is still fostered chiefly because it pays, but there is evidence that 
scientific men are coming to a new point of view. T. W. Richards, a scholar among 
scientists and an artist among the scholars guided American chemistry in its infancy 
and gave it a direction which will be effective for many years. 


? ACCORDANCE with our usual custom we have reserved a certain 
portion of this number for the publication of the essays winning 
first prizes in the American Chemical Society prize essay contest for the 
scholastic year just past. Under the rules now in effect 
three prizes of five, three, and two hundred dollars, re- 
spectively, are awarded in each class, rather than a single 
prize of one thousand dollars, as formerly. ‘The winners of second and 
third prizes are listed on page 816. It was thought, and we believe 
rightly so, that such a distribution of awards would tend to encourage 
wider participation in the contest and would reward more justly those 
who submitted creditable efforts. 

For the first time one of the high-school prize-winners has been able to 
repeat his performance and capture a college award also. If there 
be any other point worthy of special mention in connection with this 
year’s essays it is the observation of Paul R. Smith, secretary of the prize 
essay committee, that the winners, with few exceptions, come from schools 
where the instructors have enthusiastically supported the contest and 
have endeavored to interest their students in it. 


The Prize 
Essays 


S AN experiment in chemical education, an anonymous donor has 
provided funds to establish at The Johns Hopkins University a 
Chair of Chemical Education for a period of five years. Dr. Neil E. 
’ Gordon, editor-in-chief of TH1s JOURNAL, has accepted 
the appointment to this position and will assume the 
duties thereof on September 1, 1928. Consequently the editorial offices 
of the JoURNAL OF CHEMICAL EDUCATION will be located at The Johns 
Hopkins University after that date. 


Announcement 
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JEREMIAS BENJAMIN RICHTER 


LupwWic DARMSTAEDTER, PRUSSIAN STATE LIBRARY, BERLIN, GERMANY, 
AND RapH E. OESPER, UNIVERSITY OF CINCINNATI, CINCINNATI, OHIO 


In 1792, Richter observed that neutrality is preserved when solutions 
of two neutral salts are mixed, even though double decomposition ensues. 
He wrote, ‘‘From this I could draw no direct inference other than that fixed 
quantitative relations must exist between the constituents of the neutral 
salts. Hence, it follows that if the combining ratios in the original com- 
pounds: be known, those in the newly formed compounds are also known.” 
He determined the weights of various bases required to neutralize a given 
weight of an acid and found the ratio of these weights to be constant, 
no matter what the acid, and vice versa the same relation holds when a 
fixed weight of a base is neutralized by various acids. In other words, 
the quantities of acids and bases equivalent in one neutralization are so 
in all. Unfortunately, Richter stated his generalizations in an extremely 
involved and hazy style, his writings were not carefully read, and credit 
for his conclusions was given to Richter’s forerunner Carl Friedrich Wenzel 
(1740-1793). Berzelius was responsible for this error and its rectification 
was due to G. H. Hess who in 1840 pointed out that Wenzel has no real 
claim to the credit of laying the foundation of chemical equivalency. 
The tardy appreciation of Richter’s work was due to several causes. 
Although not a phlogistonist,' Richter often used the phlogistic verbiage, 
and this compromise not only obscured his conclusions, but pleased neither 
school. ‘The leading authorities were producing so much of interest that 
little attention was paid to the writings of the lesser lights. The phlo- 
giston-oxygen controversy was occupying the minds of the chemical world. 
Furthermore, the question of the constant composition of salts had not 
been settled so that any judgment as to the validity of Richter’s conclusions 
was necessarily held in abeyance. 

Richter himself had no doubt as to the truth and importance of his 
theorem and in discussing his law of equivalents he stated, “This proposi- 
tion is a true touchstone of experiments dealing with neutralization ratios, 
for if the ratios found experimentally do not conform to the law governing 
changes occasioned by double decomposition without change in neutrality, 
the results should be rejected as erroneous, and the experiments certainly 
contain a source of error.’”’ The data were assembled into tables of neu- 
tralization equivalents, a separate table for each acid and each base, but 
in 1802 G. E. Fischer collected Richter’s scattered numerical values and 
combined them into a single tabulation. Richter recognized the value 

1 In 1789 Richter tried to determine the weight of phlogiston. He believed for a 


time that the hydrogen evolved from metals was phlogiston, and in 1792 he wrote, 
“It seems that phlogiston combines with fire material to produce what we call light.” 
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of this compilation and in 1803 he himself published a more complete 
table containing the equivalent weights of 18 acids and 30 bases. In 
this many of his earlier equivalent weights were revised. ‘The figures are 
not very accurate, for Richter admitted that he was not a good analyst. 
“T am not a skillful manipulator. I can never finish an analysis without 
losing something before all the operations are completed. When making 
stoichiometric determinations, I never attempt to work with as little as 
100 grains. I require 500.” 
The significance of Richter’s work was not immediately recognized and 
his results were without influence on the development of chemical philos- 
ophy until Dalton’s atomic system 
had been accepted. Richter was 
ahead of his times and as 
Thomson said, ‘In science, it is 
as unfortunate for a man to get 
before the age in which he lives as 
to continue behind it.’”’ Kopp 
wrote, ‘The history of science 
affords few examples of important 
and well proven facts being over- 
looked for so long a time and to 
such an extent, and further, when 
‘appreciation of these facts did 
finally come of the merit of their 
discovery being minimized so far 
as the discoverer himself was con- 
Cy cerned and the credit given in 
i Bafa Voie great part to another.’ Ber- 
zelius, the master analyst, studied 
this same problem, and his figures 
are much nearer the present 
values than were Richter’s, but he appreciated the latter’s efforts: ‘On 
reading Richter’s work on chemical ratios, we are amazed that the study 
of this subject could ever have been neglected.’’ Wollaston wrote, “It is 
to Richter that we are indebted for the possibility of representing the 
proportions in which the different substances unite with each other in 
such terms that the same substance shall always be represented by the 
same number. He discovered the law of permanent proportions.” 
Richter regarded chemistry as a branch of applied mathematics and 
studied his experimental results in the hope of discovering arithmetical 
regularities and finding them in spite of their non-existence. He believed 
that the combining weights of the acids formed a geometrical series, while 
those of the bases are in arithmetical progression. So obsessed was he with 
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this postulate, that it has been claimed that he did not hesitate to alter 
his data to fit this notion, and this prejudice may have prevented him from 
perceiving the real significance of his law of reciprocal proportions. Some 
claim that he held the speculation to be the more important of the two. 
His measurements of the weights of metals which dissolved in fixed weights 
of acid to form neutral salts led him to deduce the statement that those 
weights of various bases which saturate a constant weight of an acid con- 
tain the same weight of oxygen, and from the maintenance of neutrality 
when one metal precipitates another from a neutral salt, he also concluded 
that the quantities of two metals which dissolve in the same weight of an 
acid also unite in their oxides with the same weight of oxygen. In his 
tabulations of these experiments, he represented the metals by the alchem- 
ical symbols, then current, but his work also included some of the newly 
discovered metals and for these he wrote the first two letters of the 
names, thus antedating Berzelius, who later extended this idea to all 
elements. 

The detailed facts concerning Richter’s life were compiled for the first 
time in 1874 by Carl Léwig. Additional information was given to the 
present writers by Dr. Moufang, director of the Royal Porcelain Factory 
at Berlin. The available information shows clearly how modest was 
Richter’s personality and how simple were the demands of his daily life. 
Jeremias Benjamin Richter was born March 10, 1762, in Hirschberg, 
Silesia. His father was a merchant of moderate means. After finishing 
the local gymnasium, the boy expected to enter the building trade and 
become an apprentice to his uncle, an architect. Apparently, his father’s 
financial condition changed for the worse and Jeremias was compelled to 
enter the military service. He was a member of the engineering corps in 
Breslau from 1778 until 1783, and then left the army ostensibly because 
his name was omitted from the promotion lists not less than fifteen times. 
The failure to advance was probably his own fault, for he allowed his bent 
for natural science to overshadow his military activities. Much of his 
time was spent in learning chemistry from Macquer’s Dictionary, and he 
also studied physics and mathematics. He entered the university at 
K®6nigsberg and continued his scientific training. Details as to the courses 
of lectures which he attended are lacking, but it may be assumed that he 
listened to Kant on philosophy and in this school of thought he learned to 
examine experimental results from a mathematical viewpoint. 

He received his degree April 30, 1789, and his dissertation ‘“‘On the Use of 
Mathematics in Chemistry”’ was also used as an habilitation essay. How- 
ever, his limited financial resources did not permit him to remain in K6nigs- 
berg as a member of the faculty, and in 1890 he became a tutor in the 
house of Freiherr von Leschwitz. He diligently continued his chemical 


investigations and in 1792 he published his ‘“‘Anfangsgriinde der 
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Stoichiometric? oder Messkunst chymisches Elemente’’* whose very size 
deterred his fellow chemists from giving serious attention to the contents. 
Richter, realizing that his work was being unjustly criticized because his 
book was not carefully read, resolved to publish his results in smaller 
volumes, and eleven sections of his ‘“Uber die neuern Gegenstiinde de 
Chemie’ were issued irregularly from 1793 to 1802. His translation of 
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PaGE OF A LETTER FROM RICHTER TO JOHANN F. JOHN 


Borquet’s Chemical Dictionary was also made during his stay at Gross 
Ober-Tschirnau bei Glogau. 


2 The term “‘stoichiometry’’ was coined by Richter from the Greek ‘‘stoicheion,”’ 
the fundamental, indivisible parts and “‘metrein,’”’ measurement of relative proportion. 
He confessed that he was unable to devise a shorter or better word to express these 


quantitative relations. One critic asks, “What could you expect of the style of a man 


who would invent such a word?” 
3 The first volume of this work also dealt with ‘‘die reine Thermimetrie und 


Phlogometrie,’’ the second and third volumes treated ‘‘Angewandte Stoichiometrie.” 
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He was not happy in his surroundings and made frequent fruitless 
applications for teaching positions. To one minister of education he wrote: 
“T do not seek to play a brilliant réle; I should greatly prefer to serve the 
state in a nameless capacity.”” He now sought a place in the mining 
bureau, writing, ‘I do not expect a large salary, but I only ask for a place 
in which I may have unhindered opportunities to extend my scientific 
works for the benefit of the state.” Finally, in January, 1795, he was given 
a one-year trial appointment in the Silesian mining bureau. ‘The salary 
was 300 talers ($225) and free living quarters. His duties included analyses 
of ores and other laboratory work, mathematical calculations, and literary 
tasks. His work was satisfactory, for in October, 1796, he was given an 
increase of 100 talers. After the death of Beyling, the second arkanist 
(secret chemist) at the Royal Porcelain Factory, at Berlin, Richter was 
offered the position at 500 talers and certain emoluments. His demand 
for 700 talers and moving expenses was granted and he went to Berlin in 
1798. In April, 1801, he took over the additional duties of mining assessor 
at a salary of 250 talers. In return, Richter agreed to deliver written 
accounts of his methods of obtaining gold, silver, and platinum from their 
ores, of his recipes for preparing various mineral colors and fluxes, his 
processes for purifying acids, and to instruct his assistants in these and 
similar matters. Despite repeated reminders, these descriptions were 
never furnished and in December, 1805, Richter explained that he was not 
obligated to disclose his secret processes to the authorities, that he had 
given a purely personal promise to the minister in charge, and that he 
would comply with the demand if he found time and if he received an 
appointment as director of mines. Nothing definite came of this, for 
Richter died in Berlin on April 4, 1807. His last years seem to have been 
largely devoted to metallurgical processes, and in 1806 he published his 
treatise on liquation, ‘‘Aphorismen zu einer Theorie des Saigern.”’ 

Richter had an intimate chemical knowiedge of many materials, es- 
pecially of all the metals whose oxides are used in the porcelain industry. 
He was the first to propose the use of calcium chloride for preparing absolute 
alcohol, and he published a table of densities of alcohol-water mixtures. 
His alcoholometers and hydrometers were widely used.* He was a recog- 
nized expert in the field of porcelain colors and his influence in this industry 
lasted for many years. His place in the history of chemical theory is now 
firmly established, but during his lifetime he was often misunderstood and 
unjustly criticized. ‘‘I endure such accusations without feeling hurt,”’ 

4 A table of the densities of the aqueous solutions of the acids and salts used was 
appended to each table of his equivalent weights. He worked out more than one 
hundred of these density tables and he placed a high practical value on them. His 
low salary made it necessary for him to augment his income by selling hydrometers, 


which he constructed with his own hands. A universal ‘‘araeometer’’ suitable for all 
liquids, except mercury, was offered at 10 talers, an alcoholometer at 4 talers. 
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he said, ‘‘but I do maintain that the only purpose of criticism is conviction 
of error, and ironical statements have no place in such discussions.” His 
papers were not well written and he often succeeded in hiding his con- 
clusions in a mass of strange terms and mathematical formulations. His 
contemporaries had neither the patience nor desire to read his publications 
attentively and paid little serious attention to his work. ‘To one critic who 
declared that he found it impossible to see why the neutralization ratios 
of the elements should conform to a fixed law, Richter tartly replied, 
‘Nature would be indeed poor if she were limited to that which could be 
understood by me and my critics.”’ 

Wilhelm Ostwald has drawn attention to Richter’s work on colloid gold, 
as found in porcelain glazes, ruby glass, and Purple of Cassius. He ob- 
served a number of the phenomena characteristic of colloid suspensions 
and he pointed out the changes accompanying the progressive subdivision 
from ordinary yellow gold to the fine purple suspensions. He was cognizant 
of the influence of the purity of the water on the stability of his suspensions 
and was familiar with the coagulative effects of electrolytes. His descrip- 
tion of the colloidal phenomena were not only definite and accurate, but 
his interpretations of his observations were singularly good, and he cer- 
tainly deserves to be recognized as one of the pioneers in this field. 

Thoroughly convinced of the truth of the law of proportionality, he 
prophesied that the time would come when ‘‘the wall separating mathe- 
matics from chemistry will be broken down and the former will be found to 
govern still other phenomena of the natural science.” . . . ““‘What joy will be 
afforded to the chemist and to his near relative, the mineralogist, when the 
stoichiometrical truths lead them to see that agreement and law prevail 
throughout all Nature; how great is the service rendered by a science which 
makes it possible for the chemist, in his processes of decomposition and 
combination, to accurately calculate in advance the quantities of materials 
which he must mix together, and especially when such processes are to be 
carried out on a large scale.”” As Léwig says, “In fact, all chemical in- 
dustry was for the first time placed on a rational base by the introduction 
of Richter’s laws, and the milliards saved are incalculable.’ Richter 
implicitly believed in the truth of the Book of Wisdom XI, 22, and he placed 
it as a guiding motto at the beginning of his stoichiometrical writings, 
“God has ordered all things by measure, number, and weight.” 


Drug Relieves Heart Pains. Most types of heart pain, particularly that of angina 
pectoris, can be relieved with euphyllin, Dr. J. H. Musser, of New Orleans, told the 
American Medical Association recently. While the drug has long been used as a stimu- 
lant for the coronary arteries of the heart, its value in treating other heart diseases and 
relieving the pain which results from these has not been completely realized hitherto.— 
Science Service 
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THE RELATION OF CHEMISTRY TO HEALTH AND DISEASE* 


Jacos M. WickHaM, DRAKE UNIVERSITY, DES MoIngEs, Iowa 





Human life depends entirely upon the chemical transformation of matter 
which is carried on in the body. The transforming of fats, proteins, carbo- 
hydrates, water, salts, in fact everything taken into the body including 
the air we breathe, involves chemical combustion and is dependent on 
certain physical and chemical processes. The close relationship between 
chemistry and life calls for the codperation of chemists and physicians 
for the prolongation of life. 

Centuries ago, the first relationship between chemistry and medicine 
began in Chemi (Egypt) where 
priests experimented with certain 
chemicals to make medicines. This 
relationship continued and in the 
sixteenth century the great physi- 
cian and chemist, Paracelsus, stated 
that ‘‘The true purpose of chemis- 
try is not to make gold, but to 
prepare medicines.” Paracelsus 
introduced several drugs into 
medical use, some of which are yet 
of invaluable assistance in the treat- 
ment of disease. Despite the work 
of Paracelsus, however, chemistry 
and medicine drifted apart. The 
chemist first tried to convert, by 
some method, base metals to gold; 
however, he met with failure in 
this branch of experimental work. 
More successful experiments, made 
in other branches of industry, 
resulted in the riches for which the Jacos M. WickHaM 
chemist searched. Since the return 
of chemistry to the service of medicine there have been many important 
medical discoveries which have been of great benefit to the human race. 

There are many ways in which chemistry, by its association with medi- 
cine, benefits mankind. ‘To me, the most interesting phases of chemistry 
in relation to health and disease are preparative chemistry and surgical 
chemistry. Consider first preparative chemistry. It deals with the prepa- 
ration of drugs and their effect on the body. Second, surgical chemistry 
includes a general survey of the development of surgery in the last seventy- 





* Prize-winning college essay, 1927-28. 
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five years, and the chemical antiseptics which are partially responsible 
for the success of modern surgery. 

The first chemical to be considered, with its reaction on the body, is a 
gas called ethylene. This substance was known to the chemists for over a 
century, yet its anesthetic properties were only discovered five years ago. 
A. B. Luckhart! and Carter of the University of Chicago, and at the same 
time W. E. Brown,’ of the University of Toronto, experimented with and 
discovered the anesthetic properties of ethylene, the gas which has proved 
such an aid to thousands of patients. 

In 1908, after Wisconsin carnation growers had suffered losses of flowers 
shipped to Chicago, an investigation was instituted to determine the reason 
for the wilting of the cut flowers soon after arriving in Chicago. Professor 
Crocker and Dr. Wright, plant physiologists at the University of Chicago, 
were consulted as to their explanation of the damage done to the cut flowers. 
The toxic effects of various constituents of illuminating gas were tested 
and it was discovered that ethylene was much more toxic than carbon 
monoxide. One part of ethylene mixed with two million parts of air was 
found to be toxic enough to close flowers after twelve hours’ exposure.* 

With the results of the toxic action of ethylene upon cut flowers in mind, 
Luckhart and Carter began making experiments with it upon the lower 
forms of animals. It was found that ethylene could be breathed in 
the pure form without any toxic effect upon the animals. When the 
gas was diluted, by mixing eighty or ninety parts of ethylene with 
twenty or ten parts of air, the animals seemed to go to sleep, and when 
returned to air they promptly awoke. During their sleep they were 
insensible to all pain applied to their bodies. By these experiments of 
Luckhart and Carter it was demonstrated that ethylene had no toxic 
effect on animals, but that it has distinctive anesthetic properties. Upon 
the completion of these investigations, the remaining problem was to deter- 
mine the effect of the gas on the human body. ‘The experimentors sub- 
jected themselves to the gas, ethylene, and after awaking from its 
influence were pleased with its pleasant sleep-producing qualities. 

Ether, (C:H;)20, and chloroform, CHCl;, have been the universal anes- 
thetics used for years, but they have some serious after-effects on patients 
who have been put under their influence. Ethylene is only slightly soluble 
in the aqueous fluids of the body and for that reason it is quickly expelled 
after the operation is over. Ether is highly soluble in the aqueous fluids 
of the body and is slowly eliminated from the body. Ethylene has been 
used in over fifty thousand operations in this country, on all types of sur- 
gical cases, and as yet there have been no objectionable qualities found in 

1 Jour. Am. Med. Assoc., March, 1923. 


2 Jour. Canadian Med. Assoc., March, 1923. 
3 “Chemistry and Recent Progress in Medicine,’’ by Stieglitz, 1926. 
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the gas. ‘‘Ease of induction and rapid recovery, relaxation without cyano- 
sis, absence of sweating during anesthesia, absence of respiratory irritation, 
absence of marked post-operative nausea, vomiting, and gas pains, are 
striking advantages of this new anesthetic agent.’’* 

Ethylene, C.H,, is a colorless gas which is readily inflammable. It is 
prepared by removing the elements of water from ethyl alcohol, C:H,O, 
This is done by passing the alcohol vapor through a tube which contains 
porous aluminum silicate heated to 500°. C:Hs0 —> C:H; + H,0. 

Among the drugs which have been used in the treatment of certain 
diseases, dyes have played a prominent part. The best way to curb in- 
fection, by application of antiseptics foreign to the body, has been by the 
use of dyes. Groups of bacteria may be easily stained with dyes and the 
difference in staining capacity is probably the starting point from which 
the present-day study began. ‘The staining of bacteria is accomplished 
by the combining of some substance in the bacteria with the dye. Ifa 
dye could be found that would destroy the bacteria cell when it combines 
with the dye, and yet not be harmful to the body, the physician would have 
a good weapon with which to fight infection. Fortunately, there have been 
a few such dyes found, namely, mercurochrome, gentian violet, and rivanol. 

The results of recent experiments by Young and Hill® on the treatment 
of septicemia and local infection with mercurochrome—220 soluble and 
with gentian violet—are worthy of notice. Mercurochrome is made up 
of a dyeand mercury. Dibromo-fluorescein, the dye, is used to carry the 
mercury in a non-irritating form. It has been used for many years as a 
healing agent in the treatment of infection of the mucous membranes of 
the eye, infection of the bladder, and of the pelvis of the kidney. Its 
therapeutic powers are due to its ease in penetrating, yet with only a slight 
irritation to the tissues, and to its strong germicidal powers. ‘These ther- 
apeutic powers of mercurochrome have led to further experiments to treat 
septicemia and other infections of the body, by intravenous injections. 
From the report of Young and Hill on these experiments with mercuro- 
chrome the following has been taken: ‘‘The mercurochrome cases in- 
cluded two cases of septicemia—both desperate cases—in which cure was 
effected and the blood sterilized by intravenous injections of mercuro- 
chrome. ‘The results were almost miraculous, the patients being verily 
snatched from the jaws of death.” The infecting organism causing the 
trouble was of the colon group of bacilli. ; 

J. W. Churchman,‘ the discoverer of the germicidal properties of gentian 
violet, used it in the treatment of infected joints and for the sterilization of 
closed cavities by lavage. From their experiments with gentian violet, 

4 “Chemistry and Recent Progress in Medicine,” by Stieglitz, 1926. 
5 Jour. Amer. Med. Assoc., 82, 669 (1924). 
6 Jour. Amer. Med. Assoc., 78, 970 (1922). 
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Young and Hill wrote: ‘The five cases treated by gentian violet comprised 
just as desperate cases as some of those treated by mercurochrome, and gave 
just as brilliant results.” The infection was caused by a staphylococcus, 
for which gentian violet has a particular action which destroys the bacilli. 

In Germany a new acridine dye, rivanol, has been used in treating in- 
fection with great results. Its chemotherapeutic properties were discovered 
by Morgenroth.’ Katzenstien,? a German surgeon, reported successes 
with rivanol equal to those of Young and Hill. The surgeon reported 
during 1920-1921 five “‘late’’ cases of appendicitis which were operated on 
without the use of rivanol. All five patients developed peritonitis, which 
caused their death. ‘The next year nine “late’’ cases of appendicitis were 
operated on with the use of rivanol, and after the operation and surgical 
cleansing of the infected area, a solution of the dye was injected into the 
peritoneum and the wound closed. Even though one of the cases was in a 
particularly bad condition, all were saved. 

The advances made in the science of surgery during the last seventy 
years, are due largely to the aid it has received from chemistry. Just as 
the chemist had furnished an anesthetic and with its use the surgeon was 
able to disregard pain in performing operations, yet the surgeon’s work was 
arrested by the fatalities following practically every operation. Gangrene, 
purulent infection, erysipelas, pyaemia, and septicemia, were words 
common to every tongue. The surgeon Velpeau said: ‘A pin-prick 
is a door open to death,”’ and in that day it was, indeed. Even before 
making the slightest operation, such as the lancing of a small abscess, the 
surgeon hesitated because of the deadly results which usually followed. 

In the earliest search for an explanation of the dreadful results of surgery, 
it was supposed that the air of the hospitals was infected and directly re- 
sponsible for the many deaths. In 1865, a house was obtained in a remote 
part of Paris where experimental operations could be carried on to prove or 
disprove that theory. ‘Ten women were sent to that house for operations 
and later ten coffins were removed from the building. ‘This house was 
called the House of Crime by those not familiar with the true cause of the 
death of the women. Soon after this incident surgeons began to believe 
that they carried death with them by scattering virus and subtle poisons. 

‘The operations performed during the centuries preceding the Nineteenth 
were much more successful than those of the last century. The boiling of 
water, cauterization by fire, and disinfecting substances were methods of 
antisepsis practiced unknowingly during that time. A handbook published 
in 1749, entitled “Medicine and Surgery for the Poor,’’ stated that air should 
be kept from wounds and it should not be touched with either the hands 
or with instruments. It continued further by stating, “It is very salutary, 


7 Klin. Wochenschrift, 11, 513 (1922). 
8 Deutsche Med. Wochenschrift, 47, 1317 (1921). 
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when uncovering the wound in order to dress it, to begin by applying over 
its whole surface a piece of cloth dipped into hot wine or brandy.” A 
French surgeon, Larrey, with the use of hot oil, hot brandy, and infrequent 
dressing, demonstrated that he could reduce the danger of infection in 
wounds. In 1868 the mortality from amputation was over sixty per cent; 
however, Surgeon Leon Le Fort lowered it to twenty-four per cent in his 
wards in the Hospital Cochin. ‘To bring about this drastic reduction in 
the loss of life, Le Fort dispensed with the use of sponges and required his 
students to be scrupulously clean by washing the instruments and the hands 
before every operation, and by the use of alcoholized water for dressings. 

In the minds of those who visited the French wards during the war in 
1870, there always will be pictured the horrible conditions which were 
present. Continual agony, infectious septicemia, and death were every- 
where. M. Landouzy, at that time a student but later a professor at the 
Faculty of Medicine, said ‘‘Pus seems to germinate everywhere as if it had 
been sown by the surgeon.” ‘To get a better idea of the conditions as 
they existed, the following statement has been quoted from M. Denon- 
villiers, a surgeon of the Charite Hospital, who told his students, ‘“When 
an amputation seems necessary, think ten times about it, for too often, 
when we decide upon an operation, we sign the patient’s death warrant.”’ 

After the war Alphonse Guerin decided that the germs discovered in 
the air by the chemist Pasteur might have some connection with purulent 
infection. By filtering the air, as did Pasteur, Guerin was able to exclude, 
to a large extent, the infecting bacilli. His method of procedure, in treat- 
ing wounds, was first to stop the bleeding, connect the blood vessels, and 
wash the wound with a carbolic solution; then he applied thin layers of 
cotton wool to the wound over which were placed thicker layers of the same, 
and finally bound the entire mass with new bandages. The cotton wool 
acted as a filter for the air reaching the wound. Out of thirty-four patients 
treated in this manner nineteen survived the operation, which was a good 
showing at that time. Dr. Reclus,? who could hardly believe such a thing 
possible, said, “We had grown to look upon purulent infection as upon an 
inevitable and necessary disease, an almost Divinely instituted conse- 
quence of any important operation.”’ 

The danger of infection from germs carried on the surgeon’s hands and 
tools is much greater than those carried in the air. The theory of germs 
being carried in the latter manner was unheard of at that time. Lister, 
a surgeon in Edinburgh, took special care of his instruments to be sure 
that they were antiseptically clean. He used a strong carbolic acid solu- 
tion on all tools and dressing material to be used in operating. An anti- 
septic atmosphere was kept around the open wound during the operation 
and before the wound was closed Lister washed it out with a carbolic 

9 “Tife of Pasteur,’ by René Vallery-Radot, 1919. 
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solution. It was Pasteur that explained at the Academie de Medecine 
the reason for putting surgical instruments through a flame before using 
them. He said that a flame would destroy all of the organic dusts that 
collected in the tiny grooves of the metal which were not destroyed merely 
by washing it in some solution. 

Although chemistry is responsible for many of the advances made in 
the treatment of disease, there is yet a great field open to the chemist 
in the future. Probably two of the greatest problems now facing the chem- 
ist are the isolation of the pure principles in antitoxins and the finding of 
an effective cure for the tubercular bacilli which will not have a serious 
effect on the tissues of the body. When the pure principles of antitoxins 
have been isolated, it will not be necessary to inject mixtures containing 
much undesirable material into the body to get the desired substance which 
attacks the invading germs. Other pure principles, if isolated by the 
chemist, such as are contained in glands controlling normal growth, in 
digestive juices, serums, and vaccines could be put to good usage by the 
practicing physician. 

Medicine is used for the treatment of disease to preserve life. New 
medicines must be made, through chemical experiments, to combat the 
diseases for which there are now no remedies. For the members of the 


coming generation who want to devote their lives to the service of mankind, 
two great branches of science are open—the science of chemistry and the 
science of medicine. In either branch there is room for many industrious 


workers. 


Lead Compounds Join Radium in War on Cancer. Inthe base metal, lead, there 
may rest hope of longer life for cancer sufferers. X-rays and radium have brought re- 
lief and sometimes apparent cure to cancer patients and now lead therapy joins, ex- 
perimentally, hands with radiation in the treatment of the dread disease. 

Hopeful clinical tests of lead compounds upon over fifty patients were reported to 
the American Medical Association recently by Dr. H. J. Ullmann, of the Santa Barbara, 
Calif., Cottage Hospital. Since lead is a poisonous metal great care must be used to 
select the compound of lead that will poison the body least and still produce an effect 
upon the unruly cancerous growth. The two least poisonous compounds and the only 
ones found by Dr. Ullman to be suitable for intravenous cancer therapy are colloidal 
lead phosphate and tetra ethyl lead, the latter of which is the compound added to gasoline 
to stop motor knocks. The injection of small doses of the lead compound is made about 
four days before the radiation of the cancer and the lead seems to enhance the effect of 
the irradiation. In some cases the improvements from this combination treatment were 
striking while in others it was not so effective. 

Using colloidal lead phosphate in conjunction with irradiation, Drs. Albert Soiland, 
William E. Costolow, and Orville N. Meland of Los Angeles have had experiences that 
cause them to conclude that “‘lead, as used by us, is not the solution of the cancer prob- 
lem.’”’ ‘Temporary good effects are obtained but ‘“‘viewed over a longer period of time, 
the method is not encouraging.’’— Science Service 
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THE RELATION OF CHEMISTRY TO THE ENRICHMENT OF 
LIFE* 


GEORGE E. GRONEMEYER, CASE ScHOoL OF APPLIED SCIENCE, CLEVELAND, OHIO 


Life, in whatever form it may be, is the highest expression of the trans- 
formation of matter and of energy. Since chemistry is the fundamental 
science of the transformation of matter, it can easily be seen that the chem- 
ist holds the key to the health, livelihood, and the enrichment of lives of 
the future generations. 

He has analyzed foods and tabulated their elementary contents and 
nutritious values. ‘Thus, those who are healthy can maintain a whole- 
some diet; and the doctor can easily 
prescribe the correct diet for those 
who are ill, many of whom have 
diseases such as goiter, which is due 
to lack of a small amount of iodine 
and certain other ingredients neces- 
sary for good health. Conse- 
quently, the chemist has made it 
possible for nearly every person to 
have a healthy body, the prime 
necessity for the enjoyment of life. 

He has enriched life greatly in that 

he, in collaboration with the path- 

ologist, the pharmacologist, and the 

experimental biologist, has analyzed 

and found remedies for some of the 

most pernicious human ailments. 

He has taken drugs like cocaine, 

a habit-forming drug, and, through 

the isolation of its different chemi- 

cal groups, he has found the group 

that actually causes immunity to GrorcE E, GRONEMEYER 

pain. He has separated this from 

the harmful groups, thereby producing a new substance, procaine or novo- 
caine, better than cocaine because it has the same anesthetic power 
without any poisonous characteristics. He has also produced similar arti- 
ficial anesthetics including apothesine, and the more recent benzyl-alcohol 
and ethylene, all of which show promise of replacing the general anesthetics, 
such as ether and chloroform with their sometimes serious consequences, 
because they are safer, equally efficient in most cases, and only local in 
effect. Thyroxin, the principle of the thyroid gland in the human body, 

* Prize-winning college essay, 1927-28. 
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has also been isolated. ‘This extract is so powerful that ar occasional dose 
of a minute fraction of a grain has cured many of the people called cretins, 
who were formerly either feeble-minded or stunted in bodily growth. In- 
sulin, with its newly discovered potency over the formerly incurable disease 
diabetes, has proved the salvation of those hundreds of unfortunate ones 
who had been afflicted with it. Moreover, the chemist has overcome such 
scourges of humanity as leprosy, hookworm, and some of the various 
hereditary diseases. ‘These cures alone have been of untold benefit to 
mankind. Just pause a moment and try to imagine the suffering alleviated 
and the number of lives saved by the chemical antiseptics, vaccines, and 
antitoxins; also by the x-ray machine and other medical appliances to 
which the chemist has contributed somuch. ‘The future field for chemists, 
in codperation with the medical workers, at present lies in finding specific 
cures for the three greatest plagues of mankind: pneumonia, tuberculosis, 
and cancer. 

Let us observe a few of the objects and everyday necessities found in the 
home, and see what relation chemistry has to them. First of all, we should 
consider the common ordinary match. Though few stop to think of it, 
what a blessing it really is that no one in our day and age has to carry 
around a tinder box or some equally troublesome thing. Furthermore, 
we are not inconvenienced by having to build a fire in the stove, as in by- 
gone days; but, by merely striking a match and turning a stopcock, we 
are enabled to immediately obtain a fire as hot as desired, from a gas 
commonly called illuminating gas. This is not only a chemical product, 
but also is manufactured under the control of the chemist. ‘The stove 
itself is composed of iron of the composition required, and painted with a 
substance which is rust proof as well as heat proof. The pans used on the 
stove are today usually made of aluminum, a metal found among museum 
curiosities not many years ago; now, due to the chemist, one of the most 
useful elements known. And the pyrex glass dishes in which some foods 
are cooked, are chemically compounded so as to withstand very high 
temperatures. In addition to these, there is the common variety of soap, 
an accomplishment which owes both its discovery and perfection to the 
chemist; and such articles as the chinaware, finished with a protecting 
glaze; the linoleum on the floor, prepared by many processes to become the 
artistic product that it is; and the oil cloth on the table, made of canvas 
treated with linseed oil; all of which owe their material existence largely 
to chemical research and work. 

Moreover, how modern foods are purified, prepared, and preserved are 
matters certainly worthy of our attention. Drinking water, thanks to the 
chemist, has been freed from contamination and dangerous germs, thus 
removing the fear of epidemics which spread through this medium. Many 
foods, meats, and vegetables are being prepared for table use with an arti- 
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ficial fat more healthful than lard, made by passing hydrogen gas through 
cotton-seed oil. Oleomargarine, baking soda, and baking powder are 
laboratory products; flour is whitened by sulfur dioxide gas; and sugar 
is decolorized by boneblack. Cans are tinned, and the inside surfaces 
lacquered in order to prevent chemical action on the container. As a 
result, the purity of the food contents is doubly insured. Hams are treated 
with the desirable constituents of smoke. And meat packing, which con- 
sists of curing, packing, and preserving the meat, has become an enormous 
industry through the use of chemical methods. In fact, these methods 
have wrought an inestimable change, a complete revolution of the packing 
industry. Another factor in food preservation has been the chemically 
refrigerated storehouse, which has been in use for some time. But the 
recent chemical development in this line is the iceless refrigerator for the 
home. ‘This kitchen convenience may soon eliminate a great deal of bother, 
since it maintains a constant temperature the year around, and requires 
scarcely a thought. 

If we should enter a living room, we should probably see on the living- 
room table, a book, a chemical perfection from cover to cover: the chem- 
ist has taken wood pulp and transformed it into clear white paper by a 
wave of his magic wand; and the cloth back, binder’s glue, even the ink 
which forms the words we read, are the results of his work. By making 
these parts of the book cheap and thereby obtainable for all, he has aided 
people as a whole to become educated and to find the true value of life. 
It is obviously largely due to this one little unit that civilization has ad- 
vanced to the place in which it is today. Looking further, we might notice 
the table lamp. Its base is of chemically treated bronze, and a hydro- 
fluoric acid solution is the source of the frost on its lamp bulbs. This type 
of bulb contains a filament made of ductile tungsten, a revolutionary sub- 
stance in the lighting industry, which, together with the new gas-filled 
bulb gives a brighter and whiter light than any lamp ever made, and at the 
same time saves the public over $1,000,000,000 per year by replacing the 
old carbon filament. ‘The small glass vase is etched by an acid, and the 
table itself is stained and varnished by chemical preparations. ‘ 

Furthermore, we ought to consider the fireplace. This is built of fire- 
brick, tile, and cement, all fruits of the chemist’s labor. ‘The mirror above 
the fireplace is made of glass that has been prepared by the use of chem- 
icals, and silvered by a chemical reaction. ‘The clock on the mantle is of 
synthetic ivory, while the hands on its face are illuminated by a radium 
preparation; and the light fixtures are plated with silver by an electro- 
chemical method. Nearby stands the radio; its panel is made from 
carbolic acid and formaldehyde; its aerial is made from chemically purified 
copper; and its batteries, which consist of chemical substances, give us an 
electric current through their reaction. Thus, the perfection of the radio, 
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too, can be attributed to the chemist. What one thing in recent years 
has contributed so much to the enrichment of life as this wonder of wonders? 

Let us now turn our thoughts to things outside the scope of the home, 
and see a few more things which the chemist has done for us. Observing 
the wearing apparel of the women of today, we can scarcely tell from their 
mode of dress whether they are working girls or society belles. Both wear 
silk lingerie, silk stockings, and silk dresses. How do they do it? Simply 
because the chemist has discovered artificial silk. He has called it Rayon, 
and makes it from cellulose, a chemical substance which is claimed to be 
the first man-made fiber ever produced, and the only one from which textiles 
may be produced which does not depend on crops or animal life. It is 
already superior in many ways to silk and other textiles, but the chemist 
is intent on making it equal or superior to silk in every way. Moreover, 
he has found ways of producing this silk at a very low price. Since women, 
and some of the men, have always enjoyed silky things, this addition to the 
pleasures of life cannot be overlooked. Along with the artificial silk, 
the modern dyes have come into existence. ‘The artfully colored dresses 
the girls wear greatly enhance their beauty, so that those who enjoy the 
beautiful things of life certainly will thank the chemist on this score. He 
actually took ordinary dirty soft coal and from it abstracted tar, by a 
process called the destructive distillation of coal. He then took the black 
sticky tar, and derived from it the many gorgeous colors which delight the 
eye and give us daily pleasure. 

We are often compelled to stop and look in admiration as a new auto- 
mobile glides by. Isn’t it a wonderful thing? It also owes its perfection 
to the chemist in practically every detail. Over 2,000,000 gallons of ethyl 
acetate per year are required in manufacturing the artificial leather used 
by one automobile manufacturer. The chemist’s work is self-evident, 
from the vulcanization of the rubber of the tire to the derivation and 
purification of the gasoline. But the things that are drawing a great deal 
of attention are the attractive colors on the car. As a matter of fact, 
there are few people who fail to realize the miraculously improved appear- 
ance of the modern car over that of the past. Not very long ago, it was 
painted with black enamel, since colored enamels did not prove successful. 
However, the chemist’s discovery of the new lacquers has cut the length 
of time needed for the finishing of the automobile in half, and has made 
possible all of the delightful color combinations now to be had. 

Think of the motion pictures; think of all the pleasure people have 
obtained from them. ‘They are probably our greatest source of amusement, 
yet, even these would not have been possible if it were not for the chemist. 
At present, he produces the film itself from cotton, nitric acid, and camphor; 
though, to look at the finished product, one could scarcely believe it. He 
has recently threatened to supplant this type of film by a non-inflammable 
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film, made from cellulose acetate. The cost of production which rapidly is 
being reduced, has been the only obstacle which prevented this. The 
ordinary photograph is also an important source of pleasure. But who 
thinks of those individuals responsible for these things? Indeed! ‘There 
are not many. 

People have decried the chemist’s discovery of our modern explosives 
on the grounds of their deadly destructiveness in war. But these people 
probably do not know that it requires approximately 600,000,000 pounds 
of explosives to supply the industrial life of this country every peaceful 
year. How about the explosives necessary to railroad building, to mining, 
to the construction of the great buildings of our city? And how about the 
coal we burn; the stone in our sidewalks; the copper in the electric wiring 
of our homes; the steel in our machines, structures, and industries; 
all of which things must be torn from the depths of the earth by explosives? 

What would happen if the production of sulfuric acid were suddenly 
stopped? A terrible state of affairs could not help but follow, for this is 
necessary, either directly or indirectly, in the preparation of almost every 
known finished product. For example, in the rendering of phosphate rock 
available for fertilizers; in the refining of petroleum; in the preparation 
of other acids, and of aniline dyes; and in the manufacture of all kinds of 
hardware; sulfuric acid assumes an essential rdle. In fact, sulfuric acid is 
used in larger quantities than any other artificial chemical compound. 

And here is a new discovery which is sure to win praise from many 
people. The chemist has taken the gas hydrogen and broken down its 
molecules into their very atoms. ‘The flame of this atomic hydrogen has 
been found to be very hot. It is now being used for welding, and may in 
time replace riveting, a process which is very noisy, and nerve racking to 
those who are compelled to remain in the vicinity in which it is being 
used. 

Why say more? All. of these facts, though merely an introduction to 
some of the fields of chemistry, are sufficient to bring us to the realization 
of the prominent part chemistry plays in the promotion of life itself; 
in the provision of the necessities of life, of wonderful machines and devices; 
and, in short, of all those things which lighten our labor and give us luxury. 
This revelation of things is without doubt awe-inspiring to allofus. Prob- 
ably, we should still be at that point of progress at which the world was in 
the Dark Ages, if the chemist had not appeared. But he did appear, and 
has worked so faithfully that the questions which now arise are: Where 
will it allend? What new eras will be opened to us by the chemists of the 
future? Men of science ceased to prophesy more than a century ago. 
We can now expect many things. Our most fervent prayer to the chemist 
is that he codperate with the doctor and achieve the present goal of medi- 
cine, which is to prevent disease and to maintain health. If he does this, 
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as it seems likely he will, the greatest blessing possible in cueneinang the 
lives of mankind will be attained. 
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NOTE ON STARTING CARBOY SIPHONS 


C. E. WHITE, UNIVERSITY OF MARYLAND, COLLEGE PARK, MARYLAND 


When one desires to get one or two bottles of acid from a carboy it is 
often too much trouble to use the 

E rocker, and a pump is not always 
\ 4 on hand to start the siphon. For 
this purpose we are using a method 

ic illustrated in the figure and find 








- it very convenient. ‘To start the 

siphon, pinchcocks B and C are 

opened and the same liquid poured 

into F as is in the carboy, until 

A the tube is full. ‘The tubes are 

then closed at B and C and the 

rubber tubing at C is slipped off 

of the glass connection. The liquid 

F may then be run out as desired. 

If glass-blowing facilities are avail- 

A ~ Carboy able a two-way stopcock and an 

B - Pinch Cock outlet tube at F would be better 

C - Pinch Cock than the rubber connections. For 

D - Glass Connection _Mlight liquids such asammonium hy- 

droxide, hydrochloric acid, and 

nitric acid, 10 mm. glass tubing may be used. For sulfuric acid it is 
necessary to use a smaller tube. 


























Woodless House Built of Steel and Concrete. A house without a single sliver of 
wood in its construction is being built at Gary, Indiana, for the president of a local steel 
company. ‘The framework is made of angle-irons with a complete system of diagonal 
bracing. Both bolting and electric welding are used to fasten the steel together. Con- 
crete is used in the foundation and for the floors, while stairs, sills, and interior trim are all 
steel.— Science Service 
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THE RELATION OF CHEMISTRY TO FORESTRY* 


JosEPH RAYMOND ROBINSON, UNIVERSITY OF RICHMOND, RICHMOND, VIRGINIA 


Since the beginning of time man has been dependent upon wood for 
shelter from storms, shade from the sun, and for instruments with which to 
protect himself. Yet we Americans have been extravagantly wasteful in 
exploiting our forests. Our forefathers did not foresee the magnitude of the 
nation for which they were building the foundations, and we have been 
equally oblivious of the future needs of a people rapidly multiplying and 
making greater demands upon nature with each passing year. Confronted 
already with a shortage in supply, and threatened with the annihilation 
ef our timber resources, we must 
turn increasingly to the members of 
that profession which has within its 
power ability to transform matter 
and to revolutionize industries. 
Applying chemistry to the problem 
of making our wood go further and 
last longer is the only way to solve 
it, and men are rapidly realizing this 
fact. 

Wood is a chemical composite of 
many elements, and the extraction 
of the compounds it contains is quite 
as important an industry today as 
is the use of articles manufactured 
from it in building and construction 
projects. Paper, silk, varnishes and 
paints, alcohol, chloroform, iodo- 
form, soap, celluloid, gunpowder— 
these are a few of the more impor- 
tant products manufactured from 
the extractives of wood. The 
common terms used in chemical analyses are cellulose, lignin, methoxyl, 
water-soluble content, and pentosans. It is interesting to note that except 
for the distinct division of woods into two classes—hard and soft—no 
essential difference can be noted between any two woods by analysis. It 
has been shown that chemical composition and durability are closely akin 
to each other. ‘Those woods which are durable under actual service con- 
ditions contain extractives such as tannin and coloring matter in large 
quantities, while those which are not durable and are unserviceable con- 
tain very small amounts of useful compounds. A wood which is un- 
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serviceable for building or construction is also useless as a source of 
chemical products, and woods are durable and lasting because of their 
chemical content. 

The largest chemical use of wood as a raw material is in the pulp and 
paper industry. In recent years, an average of about seven million cords 
of pulpwood were consumed in the United States and Canada, sixty per 
cent of which was used in the chemical processes. Producers are particular 
as to the species of wood they use, eighty per cent of all their supply coming 
from spruce, balsam, hemlock, and aspen. In this, as in all branches of 
forestry and its related enterprises, chemists have evolved means of con- 
servation, through originating by-products and improving the quality of the 
commodities. 

It is notable that by the use of sulfur dioxide instead of caustic soda, 
the cooking of the pulps is speeded up, so that the same degree of digestion 
is obtained at least an hour earlier in the case of under-cooked pulps, and 
it is more marked in the case of well-cooked pulps. With this, too, the 
quality of the product is improved, the tearing and folding characteristics 
of the paper being raised, respectively, twenty and five hundred per cent. 
It is apparent also that there is a marked increase in bursting and tensile 
strength. Sulfur-produced pulps bleach with only half the quantity of 
chlorine and the loss of cellulose is reduced nearly fifty per cent. 

Another process which tends toward a saving in the pulp and paper field 
is the de-inking of old newspapers, pulping the residue, and remanufactur- 
ing the paper. Sodium hydroxide and sodium carbonate are employed to 
loosen and dissolve the carbon black and varnish of the printing ink. 
Sulfuric acid neutralizes the alkali remaining and brightens the color of the 
stock. Bentonite, a volcanic ash which contains alumina, magnesia, and 
silica, is used to secure suspension of the waste matter. "When brought 
into contact with water, bentonite swells to a jelly-like mass several times 
its original volume. On further dilution, it forms colloidal suspensions 
which remain in suspension indefinitely in mixtures as dilute as one part 
of bentonite to fifty of water. 

The tanning industry depends largely upon the forest for its natural re- 
sources. Chestnut, hemlock, chestnut oak—these are the principal eastern 
woods, while western hemlock is being used in some places. It is note- 
worthy that the tanning industry takes but little of the wood which can 
be used otherwise; its raw products come mostly from the barks of 
these trees. 

An important phase of the relationship of chemistry to forestry is the 
distillation of various kinds of wood. ‘Turpentine and rosin are extensively 
used in manufacturing soap, paint, rubber, paper, lubricating compounds, 
linoleum, some medicinal compounds, and in the printing of cloth. In 
connection with the extraction of these two base products, a by-product is 
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tar, which is used extensively as a naval store. Wood alcohol is secured 
by destructive distillation, along with the by-products, charcoal, acetate 
of lime, acetone, and tar, all of which are marketable and profitable to the 
manufacturers. 

As part of the new conservation program, wood waste now enters into 
the alcohol-producing industry. Softwood waste yields twenty gallons 
or more of ninety-five per cent alcohol per ton, while hardwood gives a 
little better than half as much. A limitation to the use of sawdust in 
producing methyl alcohol is the fine charcoal dust that clogs the condenser 
tubes, and this charcoal is hardly salable because of its powdered condition. 
Ethyl] alcohol can be produced commercially from sawdust, but the process 
is practical only where there is a daily supply of at least two hundred and 
fifty tons of sawdust. 

Recent experiments show that western larch is particularly valuable for 
making ethyl alcohol. By regulating temperature and acidity, and finding 
the proper yeast, the Forest Products Laboratory at Madison, Wisconsin, 
succeeded in converting into alcohol not only the sugars obtained by hy- 
drolysis of the cellulose, but also a large proportion of the galactose sugar 
obtained from the galactan in the wood. ‘This is interesting, in view of 
the impending motor fuel shortage, when alcohol will be used in automobiles 
and other internal combustion engines. 

Chemists have made the discovery that sawdust is capable of being 
converted into a carbohydrate food for cattle, and that it can be manu- 
factured into a digestible sausage casing. 

There are a number of lesser chemical forest products: cedar wood 
oil, cedar leaf oil, and other needle oils, Canada and Oregon balsam, 
various medicinal barks, such as cascara sagrada and slippery elm, 
galactan, which has become an important source of mucic acid, and various 
sugars and gums. As chemistry progresses, it will find many other 
products. 

Through chemical processes, wood waste just recently has been converted 
into synthetic lumber, and the product is on the market. By different 
processes, waste is being manufactured into insulation materials and the 
so-called composition boards, which are chemically treated to make them 
fire-resistant. 

Another means of conserving lumber is the production of laminated 
doors, table tops, and furniture. ‘The cores of these articles are made of a 
cheap but good grade of lumber, which, because of its small size would 
have no value otherwise. With a suitable glue, the result of chemical 
research, the outside layers of high-grade material are fastened so that the 
finished products appear as though they were made entirely of the expen- 
sive stock. As a general rule, laminated doors and table tops are more 
substantial than those made of solid materials, because the narrow strips 
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of which the cores are made are not subject to warping, and the laminated 
articles bear more strain than the plain ones. 

As a competitor with coal, sawdust is being briqueted in certain sections 
where there is a stable source of supply, and where coal prices are high 
beyond the corresponding heat values of the sawdust briquets. While 
some methods of preparing this fuel are mechanical, there is one which has 
been established by chemists, using sixty-five per cent sawdust, twenty-five 
per cent coal dust, and ten per cent binder, which is composed of coal-tar 
pitch, petroleum refuse, or sulfite waste liquor. All of these were formerly 
permitted to go to waste. ‘The produgt is said to be very satisfactory, 
it is cleaner and easier to handle than either coal or cordwood, and leaves 
but little ash. 

Wood waste, consisting of fifty per cent each of sawdust and mill hog 
(slabs and other waste which is chopped into small particles), has been 
used for a number of years in France and Sweden in the production of gas. 
In America, in the South and Southwest, there are a few plants employing 
this method almost exclusively. It is particularly successful in making 
glass, solder, and brass, and in smelting steel, where coal prices are pro- 
hibitive. One plant lists the following advantages of wood over coal for 
gas production: 

(a) Very little ash and that easily removable. 

(b) High grade of gas. 

(c) Much less tar, and that of more liquid character. 

(2d) Constant quality of gas with little labor. 

(e) Low cost per horsepower hour. 

In industrial chemical manufacture, wood plays an essential part for 
making tanks, both for concentration and storage of acids. As separators 
for storage batteries, where sulfuric acid of from 1.2 to 1.4 specific gravity 
is used, wood is also serviceable in treated form. 

Another interesting phase of this study is the work that is being done to 
prolong the useful life of wood by fireproofing it. Wood cannot be made 
absolutely fireproof, but it can be made fire retardant by injecting certain 
chemicals under pressure. If it is properly impregnated the wood will 
not take fire. It will char and eventually fall to pieces, but as soon as it 
is removed from the flame, the disintegration ceases. Ammonium sulfate, 
ammonium phosphate, ammonium chloride, sodium borate are some of 
the compounds used, but these are all soluble in water, and would be leached 
out on exposure to the weather. ‘Treatment of air-dried wood with a 
solution of sodium borate in water, and with zinc chloride after drying, 
gives much better results. The process depends upon the formation of an 
insoluble salt by the action of the zinc chloride and sodium borate. When 
heated, the salt fuses, coating the cell walls and rendering the wood fire- 


resistant. 





Vor. 5, No. 7 THE RELATION OF CHEMISTRY TO FORESTRY 807 





Sap stain has caused more good lumber to be degraded than any other 
one thing. Chemists have worked on this problem for years. Mercuric 
chloride was found to be the most effective chemical, but its poisonous 
nature and corrosive action on iron made it impracticable. The most 
satisfactory material is sodium bicarbonate, which is cheap, non-poisonous, 
and non-corrosive to metals. Sodium fluoride gives even better results, 
because it does not turn the lumber yellow as the sodium bicarbonate does. 

One of the most important forward steps in recent years is the practice 
of treating wood against decay and destructive fungus growth with pre- 
servatives, which, by increasing its life, saves money for the consumer and 
for the public which ultimately bears all costs, and leaves a larger supply 
for future generations. Large quantities of poles, posts, piling, marine 
structural timbers, and nearly all railway ties now undergo this treatment. 
The life of a cross-tie, under heavy traffic, is raised from an average of about 
seven or eight years to from twelve to fifteen years. Many railroads 
operate their own treating plants, and use no ties untreated, except in 
emergencies. All of the long list of preservatives have disadvantages which 
limit their use, but each is useful for certain purposes. They fall into two 
general classes—those of an oily nature, which are relatively insoluble in 
water, and those which are soluble and are injected into the wood in water 
solutions of desired strength. 

Coal tar creosote is the standard wood preservative. Over one hundred 
fifty million gallons were used in 1924. Its advantages are: its high 
toxicity, which makes it poisonous to fungus growth; its relative insolubility 
in water; low volatility, which causes it to remain in the wood indefinitely ; 
the ease with which its depth of penetration can be determined; its general 
availability and relatively low cost. An objection to it is its fire hazard. 
True, freshly creosoted lumber can be ignited easily, but after seasoning 
a few months, the wood is little, if any easier to ignite than untreated wood. 
Untreated wood starts to decay in two or three months, and these outer 
decayed parts are especially inflammable. 

Zinc chloride is the standard water-soluble treating agent. In 1924, 
twenty-four million pounds were used in the United States. Its principal 
advantages are: its relative cheapness, general availability, uniformity, 
cleanliness, lack of odor, ease of shipment, lack of fire hazard. The main 
objections are its solubility in water and the fact that it adds considerably 
to the weight of the wood when it is first treated. One-third of the railroad 
ties treated in 1924 were preserved with this salt. 

Sodium fluoride, water-gas tar creosote, copper sulfate, mercuric chloride, 
and some proprietary preservatives make up the rest of the list. 

The practical questions before the forest products chemist are how to 
obtain the highest yields in chemical processes using wood as a raw ma- 
terial; the use of new and less costly species; improved methods for utiliz- 
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ing waste wood; and the prevention of loss by decay. But before reaching 
a satisfactory solution of these problems, the chemist must first find out 
certain fundamental things. What is the composition of each of the com- 
ponents of wood? How do these vary with the species? Why and how 
does a wood preservative preserve? How may the composition of the 
preservative be calculated from the chemical character of the wood? 
When many such questions have been answered, the wood-products in- 
dustry will be scientifically stabilized, and America and the world will owe 
a new debt to chemical industry and perseverance. 
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AN ELECTRIC HOT FUNNEL 


THEO. OTTERBACHER, ZION COLLEGE, ZION, ILLINOIS 


When an ordinary hot funnel (that is, one heated by a Bunsen burner) 
is used, considerable inconvenience is experienced because the apparatus 


is not a unit and also because of the 
open flame of the burner. 
The electric hot funnel suggested 
by the writer has been found, after 
two years trial, very efficient in 
operation, and to eliminate certain 
disadvantages of the older type such 
as those listed above. 
The projection (A) of an ordinary 
hot funnel is covered to the thick- 
ness of one-eighth inch with asbestos 
(B) and over this asbestos is wound 
enough resistance wire to give the 
heater a capacity of 400 watts (27’ 6” 
no. 22 nichrome wire). After the wire is in place and suitable connections 
are made the whole projection is covered with a mixture of asbestos pulp 
and plaster of Paris (C) to the thickness of three-eighths of an inch. As 
soon as the plaster is dry the funnel is ready for use. 


Science Service reports that the housekeeper may soon be able to buy her lamb or 
mutton with mint sauce already in it and her chicken already flavored with mace and 
thyme. The new method of flavoring, devised by Dr. A. Gauducheau, a Frenchman, 
consists in hypodermically injecting seasonings into the blood stream of the animal. 
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THE RELATION OF CHEMISTRY TO NATIONAL DEFENSE* 


DupLEyY L. HARLtyY, LEHIGH UNIVERSITY, BETHLEHEM, PENNSYLVANIA 


Science is a regencrative force. It possesses the signal power of invading 
our customs and beliefs to infuse them with fresh vigor and provoke an 
unwonted exparsion. Apply science to any well-established practice, and 
things begin te happen. 

Precisely ths sort of application of science in general and of chemistry 
in particular tas been experienced by warfare. ‘That institution, of very 
ancient standing, has been surprised out of a pleasantly lethargic state by 
a series of innovations which has shaken it rudely. It has been revolu- 
tionized from a comparatively 
safe pastime into a deadly 
struggle; and, as not in- 
frequently happens, the up- 
heaval is vaguely resented. 
Yet, so thorough is the change, 
and so significant the possibili- 
ties revealed, that any nation 
which would have a defense 
system not hopelessly anti- 
quated must take stock to 
insure itself chemically against 
the tremendous réle which that 
science is destined to play in 
future warfare. 

Before considering these po- 
tentialities, a brief survey of 
the chemist’s present accom- 
plishments will indicate how 
profound may be his 
alterations. 

Nearly seven centuries ago the 
use of gunpowder in Chinese 
cannon marked the beginning of the acquaintance between the chemist and 
the militarist; and, fittingly, explosives were the first weapons to feel the 
modern transformation of warfare. ‘hat “villainous saltpeter’’ was the 
seed from which has recently sprung a series of astonishing battle agents. 
T.N.T., nitroglycerine, guncotton, and cordite, to name a few, all have 
their particular uses and a potency which spells the passing of fixed fortifi- 
cations. Force capable of hurling a steel shell weighing hundreds of pounds 
seventy-five miles, to burst it into flying fragments; power which, sealed 


* Prize-winning college essay, 1927-28. 
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within a bomb, can wrench a battleship from stem to stern—these place an 
unusual advantage with the explosive engineer, and have been the chief 
means of effecting the metamorphosis of modern warfare. Nor should we 
have them but for the chemist. From the coal piles, the cotton fields, 
and the waste heaps of the nation, he has evolved this group of compounds. 
He has plucked them from the very air when the materials he needed were 
not at hand. His inventions are the foundation of present military tactics, 
and they cannot but be an important factor in the future. 

But if in explosives the chemist has developed an old weapon, in poison 
gas he has shown the full genius of his creative power. Here is something 
which transcends mere improvement; here is a totally new instrument, 
better adapted to varying battle conditions than any yet employed. It 
possesses the unique quality of being continuous in effect in both time and 
space. A bullet’s force is spent a few seconds after firing; barrages may 
contain openings. But gas is pervading, and may remain on the ground 
days after being discharged. In addition, certain varieties, such as tear 
gas and sneeze gas, can temporarily. incapacitate without doing permanent 
injury. We are realizing now that well-intended apologies for gas as a 
weapon because of its humaneness are evasions of the essential point. Gas 
will be used in the next war for the same reason that disease germs and 
thermit and wholesale destruction and all other disagreeable and appalling 
innovations may be resorted to—because it is preéminently effective. For 
only by making war furious and intense can the agony of a long struggle be 
spared. But, having firmly recognized this principle, we may rejoice that 
gas exhibits certain desirable qualities regrettably lacking in the more 
traditional weapons. During the World War, gas was responsible for one- 
third of all American casualties, yet only one in every fifty gassed men 
admitted to the hospitals died, and of the remainder, forty-seven returned 
to perfect health.! ‘This means that a man who is gassed has ten times as 
great a chance for recovery as one wounded by a shell. And when we 
consider that evidence indicates gas to be actually a preventive against 
tuberculosis,! it is obvious that we have here the instrument which can gain 
military objectives with the least possible suffering. 

To consider the province of metallurgy is to find yet other and far- 
reaching achievements of the chemist, in no way inferior to his best. Our 
giant cannon, twenty-ton tanks, monstrous battleships are justly regarded 
as triumphs of the mechanical engineer. But these instruments would 
have been impossible a few decades ago. ‘The chemist, in developing a 
series of light, tough alloys of steel with chromium, tungsten, and other rare 
metals, is responsible for their existence. Through his efforts cannon 
able to withstand the shock and tremendous corrosive force of the hot gases 
liberated on their interiors are a reality; armor plate is made not to be 

1 Official Report of the Surgeon General of the U. S. Army, 1920. 
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pierced except by shells of like material; high-speed cutting tools are fash- 
ioned which enable us to turn out ammunition five times as rapidly as 
formerly. From the electric furnace come abrasives which have revolu- 
tionized shop practice. Metallurgical chemistry is the basis for the me- 
chanics of modern warfare. 

Many of these innovations have been applied with startling success to 
aircraft. No instrument more completely epitomizes modern warfare 
than does the airplane. It will doubtless be employed from the very 
beginning of the next war, and must necessitate radical changes in military 
tactics. Within three decades the weight per horsepower of the airplane 
motor has been reduced from 117 to 1.75 pounds,’ largely through the use 
of the chemist’s strong light alloys. Its power, efficiency, and endurance 
have been greatly increased by fashioning many other complex parts of 
such spec'ally designed materials. Dirigible balloons owe their very exist- 
ence to the lightness of structure permitted by the chemist’s processes for 
the manufacture of cheap aluminum, from which he has compounded 
peculiarly effective alloys of the strength of steel with but one-third its 
weight. To the chemist, also, must go the credit for creating the 
varnishes, lubricants, fuels, adhesives, and cognate supplies necessary 
to the functioning of aircraft. For the production of hydrogen, for 
the extraction and purification of the non-inflammable helium, for 
its very discovery, indeed, first in the sun and later on the earth, 
chemistry primarily is responsible. ‘The whole rapid development 
of aircraft is an excellent illustration of the animating effect of 
science. 

Not so obviously pertinent to national defense, yet of fundamental 
importance, is the security the chemist has afforded our food supply. 
In war time it is necessary to keep not only the soldiers at the front but 
also the people at home provided with food; and during a long struggle the 
problem assumes serious proportions. ‘The best assurance of plentiful 
crops is a liberal use of fertilizers. With phosphate, first of the three chief 
fertilizers, the United States is well endowed; and under the chemist’s 
guidance we produce a surplus for export. When the World War exposed 
our shortage of potash, the chemist revealed a dozen minor sources in waste 
materials. However, nitrates especially were needed in large quantities, 
not only for fertilizer, but as the basis of all explosives. Industry, cut off 
from trade with the Chilean mines, again appealed to the chemist. He 
discovered that among other methods the nitrogen and oxygen of the 
atmosphere might be induced to unite by an electric arc, and thus made 
accessible an inexhaustible supply of this essential element. Moreover, 
he has effected reformations in the methods of coking coal which salvage 


2 “Chemistry in Industry,” Vol. II. ‘The Chemist’s Contribution to Aviation,” 
by C. W. Seibel. 
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yearly some 300,000 tons of nitrogen salts, along with other by-products 
invaluable to warfare. 

Some of these recovered compounds find their use in the medical depart- 
ment, for the chemist is really at his best as a healer. We have found, 
for example, that if, instead of packing guncotton in a cannon to fire at the 
enemy, we dissolve it in ether and alcohol to form collodion, it may be used 
to cure the very wounds it might have caused. Measures to prevent the 
spread of disease among soldiers and to heal injuries are an immeasurably 
important function of an army. And the antiseptics, anesthetics, seda- 
tives, and remedies used in the last war saved untold suffering. To 
provide these varied substances during military campaigns and constantly 
to improve them is a humane réle which chemistry gladly assumes. 

But if the chemist has already radically altered the art of fighting, he 
seems destined to effect equally momentous changes in the future. Author- 
ities are agreed that even should there be no further advance in science, the 
next war will begin where the last left off. To predict future development 
is at best hazardous; yet there are certain lines along which expansion is 
almost inevitable. We may expect less of innovation than of adaption 
and perfection. If there is small chance of high explosives increasing 
materially in violence, the effectiveness and range of all calibers of artillery 
can be considerably improved by new alloys. If more potent gases are 
not likely to be found, the methods of utilizing those which we have will 
be greatly increased. A battle front arranged for position fighting as in 
the last war will see unprecedented concentrations of gas over extensive 
areas. Or, should the development of mechanical transportation yield 
a mobile battle line, the problem will be tochoose a gas readily transportable, 
effective in low concentrations, and most widely applicable. In any event, 
gas is almost certain to be the first weapon used at the outbreak of hostili- 
ties. Even before troops are mobilized, an airplane raid may strike a 
decisive blow by drenching with a persistent gas or shattering with high 
explosives, dockyards, bases, supply parks, and industrial centers in the 
rear. ‘The problem of mass protection against chemical warfare is still 
unsolved. City populations are particularly exposed. Neutralizing 
agents and protective clothing may aid, but more especially must masks 
be made proof against all gases which might be used. And impregnability 
against finely divided smokes is exceedingly difficult to attain. Smoke 
screens for concealing movements have recently been widely investigated, 
but combined with gas they gain an effect not to be overlooked in the 
future. The greatest change in land tactics in the next war will be effected 
by the perfection of tanks, permitting a freedom of action in cross-country 
maneuvers analogous to that of ships at sea, and of aircraft. With these 
mechanisms, as we have seen, the chemist is vitally concerned A superior 
type of tank cannot possibly be evolved without the aid of his alloys. 
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And as for airplanes and dirigible balloons, the chemist will render an in- 
valuable service in the perfection of anti-knock fuels, making possible 
high-compression engines, and lubricants able to withstand the power 
of these engines. ‘The medical corps, even though no new remedies are 
advanced, should be able, through application of that knowledge which it 
now possesses, to bring contagious diseases under almost absolute control, 
and largely to obviate wound infection. ‘These developments we may 
expect. Others, not definitely to be foreseen, but whose very uncertainty 
makes their anticipation imperative, will surely appear. If we accept the 
axiom that the best defense is an active offense, we are at once under the 
necessity not only of keeping up with the march of scientific events, but of 
keeping definitely in the vanguard. And this position can in no way be at- 
tained except by indefatigable research, technical alertness, and a vigilance of 
mind which comprehends that against the chemist, the metallurgist, and the 
bacteriologist in their laboratories, the combined armies of the world cannot 


avail. 

Fundamentally, the most significant way in which the chemist will 
continue to aid national defense is in revising our system of preparedness. 
Trained infantry units still play an important part in warfare; but to- 
day the nation that entrusts its defense to an isolated branch of its execu- 


tive department, subject to the whims of political control, and frequently 
out of touch with the latest scientific developments, is making a grave error. 
That practice is archaic. We have come to realize that warfare is more 
than a mere maneuvering of armies on a battlefield; it means pitting the 
entire resources of a nation. ‘True preparation, then, can consist only in 
robust development of the industries which form the backbone of modern 
military science—those which furnish strength for rapid action and stamina 
for a long struggle. Now, it is precisely this linking of preparedness with 
commercial enterprise which the chemist has accomplished and will 
continue to clinch in the new type of warfare which he has evolved. Prep- 
aration for chemical warfare requires no elaborate arsenals; it may be 
carried out efficiently and secretly in industrial laboratories. Manu- 
facturers of explosives base their prosperity on their peace-time trade. 
Only a fraction of our iron, steel, and alloy products are diverted to war 
use. Every necessity of modern national defense is or may be supplied 
through private initiative, which by its very nature is secure from arma- 
ment restraints. ‘he chemist with his innovations has shifted the real 
burden of preparedness from the military department to industry. There 
it will be least oppressive, will be borne with most alertness, and, through 
a salutary stimulating effect, will be actually beneficial. 

It is evident that in transferring the basis of preparedness to the shoulders 
of modern industry, we are placing upon the chemist, his fellow scientists, 
and industrial operators a tremendous responsibility. We are virtually 
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giving them the power of declaring war. And yet there is hardly another 
group to which we might with equal confidence relinquish this power. 
These men are not interested in brewing war. It interrupts their far more 
fascinating research. It loses valuable time for them and money for 
their concerns. Besides, they know about war. No one realizes better 
than the chemist the horror of a death struggle between nations. Necessity 
compels him to supply the weapons, but he is under no illusion as to the 
suffering caused by even the most “humane.” Nor, he will tell you, 
would he have matters otherwise; for the most effective cure for war is 
war with a vengeance. ‘The essential frightfulness of the institution can- 
not be more strongly impressed than by the inhumanity of all of its prac- 
tices, abandoned to their worst. We may be sure that under his guidance 
the next war will come only as a last resort; but if it does come, it will be 
prosecuted with a promptness and a fury into which will be thrown all 
the strength of a nation fully prepared. If the chemist makes our wars 
fewer, he will also exert that power shared by all science of bringing them 
quickly to anend. And, above all, the intelligent domination of the war 
resources of the world by groups of earnest men, bound together by the 
international interests of science, will be the best possible assurance of the 
ultimate outlawry of war. It is our one dependable chance. 


BIBLIOGRAPHY 


Fries and West, ‘‘Chemical Warfare,’’ McGraw-Hill Co., New York. 

Haldane, J. B. S., ‘‘Callinicus, or a Defense of Chemical Warfare,’’ E. P. Dutton & 
Co., New York, 1925. 

Hart, B. H. Liddell, ‘Paris, or the Future of War,” E. P. Dutton & Co., New York, 
1925. 

Hartley, H., ““Chemical Warfare, in the Study of War for Statesmen and Citizens,” 
G. G. Aston (ed.), Longmans, Green & Co., London, 1927. 

Howe, H. E., ‘‘Chemistry in the World’s Work;”’ chapters: 1V—‘‘Food and Famine;’ 
VII—‘‘Metals, the Master;’”’ X—‘Health and Sanitation;’? XIII—‘‘Chemistry in 
National Defense,’’ D. Van Nostrand Co., New York, 1926. 

Howe, H. E. (ed.), “(Chemistry in Industry;’’ (2 vol.); chapters, (vol. I): II, 
“‘Abrasives;’”’ IV—‘‘Coal, Coke and Their Products;’’ VIII—‘‘Chemistry in the Fertilizer 
Industry;’’ XI—‘‘The Elements of Iron and Steel;’’ XIII—‘‘Non-Ferrous Metallurgy;” 
(vol. 2): II—‘‘The Chemist’s Contribution to Aviation;’”’ IX—‘Military and Industrial 
Explosives;”” XX—‘Rust-Resisting Metals,” Chemical Foundation, New York, 1924. 

Hull, N. F., “Science in War;” in ““The Next War,’’ Hull, Chafee, and Hudson, 
Harvard Alumni Bulletin Press, Cambridge, 1925. 

Lefebure, Victor, ‘“The Riddle of the Rhine,” E. P. Dutton & Co., New York, 1921. 

Slosson, Edwin E., ‘Creative Chemistry ;’’ chapters: II—‘‘Nitrogen;”’ III—‘‘Feeding 
the Soil;” XII—‘‘Fighting with Fumes;” XIII—‘Products of the Electric Furnace;” 
XIV—‘‘Metals, Old and New,”’ Century Book Co., New York, 1923. 

Tilden, Sir William A., “Chemical Discovery and Invention in the Twentieth Cen- 
tury;”’ chapters: XX VI—‘Explosives;’”? XX VII—‘‘Fixation of Atmospheric Nitrogen,” 
E. P. Dutton & Co., New York, 1920. 


’ 





JOURNAL OF CHEMICAL EDUCATION Juiy, 1928 





Vedder, Edward B., ‘‘Medical Aspects of Chemical Warfare,’”’ Williams & Wilkins, 
Baltimore. 
Wells, H. G., ‘Are Armies Needed Any Longer?’’ Chemical Foundation, New York, 


1927. 


WINNERS IN THE COLLEGE AND UNIVERSITY FRESHMAN CONTEST 


In addition to the first-prize winners whose essays are published herewith, the 
following have won prizes in the 1927—28 college contest. 

Miss Margaret Robson, Linfield College, McMinnville, Ore. (Second Prize), ‘‘The 
Relation of Chemistry to Health and Disease.” : 

Mr. Segundino L. Canoy, Silliman Institute, Dumaguete, Negros Oriental, P. I. 
(Third Prize), ‘“The Relation of Chemistry to Health and Disease.”’ 

Mr. J. Calvin Callaghan, University of Michigan, Ann Arbor, Mich. (Second Prize), 
“The Relation of Chemistry to the Enrichment of Life.” | 

Mr. Robert H. Radsch, Yale University, New Haven, Conn. (Third Prize), ‘‘Chem- 
istry in Relation to the Enrichment of Life.” 

Mr. Elmer H. Peterson, Iowa State College of Agricultural and Mechanic Arts, 
Ames, Iowa (Second Prize), ‘“The Relation of Chemistry to Agriculture.” 

Mr. Gerald Loetterle, University of Nebraska, Lincoln, Neb. (Third Prize), ‘The 
Relation of Chemistry to Agriculture.” 

Mr. Cecil M. Gardiner, Jr., University of Illinois, Urbana, Ill. (Second Prize), 
“The Relation of Chemistry to National Defense.” 

Mr. Polykarp Kusch, Case School of Applied Science, Cleveland, Ohio (Third 
Prize), ‘‘The Relation of Chemistry to National Defense.” 

Mr. Robert H. Sifferd, Carthage College, Carthage, Ill. (Second Prize), ‘“The Re- 
lation of Chemistry to the Home.” 

Miss Helen Bell, Thiel College, Greenville, Pa. (Third Prize), ““The Relation of 
Chemistry to the Home.” 

Mr. Carl W. Evans, The University of Texas, Austin, Tex. (Second Prize), ‘‘The 
Relation of Chemistry to the Development of Modern Industry.” : 

Miss Ellen M. Orr, Illinois Woman’s College, Jacksonville, Ill. (Third Prize), 
“The Relation of Chemistry to the Development of the Milk Industry in the United 
States with Reference to the Uses of the By-Product Casein.”’ 


Vitamin B Split into Three Parts. Vitamin B is really triplets. The well-known 
food factor has been separated into three parts, each of which has different effects, 
according to a report by Charles H. Hunt of the Ohio Agricultural Station, in Science. 

Two of the vitamins when fed together cause a moderate rate of growth. When 
fed alone each of these two causes only a slight increase in growth for a short time. 
The third, found in the residue from which the other two had first been separated, causes, 
when used alone, only slight growth for a short period after which there is a decline. 
When this vitamin is added to the two others the excellent growth associated with the 
original vitamin B results. 

Further tests showed that this third vitamin has all the characteristics of a vitamin 
in addition to being able to stimulate the other two so that they cause greater growth 
than when used alone.—Science Service 
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THE RELATION OF CHEMISTRY TO THE HOME* 
PauL C. BRINES, JR., UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 


In this mystic world of scientific discovery, the influence of chemistry 
upon our everyday life is but little realized by the average person. With- 
out chemistry, however, a successful, happy home would be impossible. 
At the slightest mention of the word chemistry, we are wont to draw away 
because of ignorance, and little do we think, as we hurry about in this busy 
life, that seemingly useless materials have produced valuable products by 
contact with the chemist’s magic 
wand. Undreamed of industries 
have recently developed America’s 
natural resources and our national 
defense has been unquestionably 
rendered more efficient. The soil 
has rapidly increased in fertility 
and disease has been checked more 
easily, but still more significant 
than any of these, the average 
American home has been blessed 
with numerous comforts. No 
matter what we do, no matter 
which way we _ turn—chemistry 
affects us directly on every hand. 

In order that the true relation- 
ship existing between the chemist 
and the home may be shown, let 
us imagine an American home in- 
habited by a family in moderate 
circumstances. Of course, before 
there can be a successful home, Paut C. BRINES, JR. 
there must be a shelter sufficient to 
protect the inhabitants from the ever-menacing elements. ‘Today, at 
least in the Middle West, it is absolutely necessary that this shelter be 
well constructed. All of us, at some time or other, have observed a group 
of workmen mixing together sand, gravel, a gray powder poured from 
bags, and water until the whole mass of material has the consistency of 
gruel.! If this is poured into wooden forms and allowed to dry, the 
result is an artificial stone structure called concrete, and the gray powder, 
which binds the sand and gravel together, is Portland cement. Very 
few of us stop to consider the chemistry involved as we watch such a 
process, and seldom do we pause to recall the history of one of America’s 
richest and most promising industries. 

* Prize-winning college essay, 1927-28. 





818 JOURNAL OF CHEMICAL EDUCATION Juty, 1928 





The first cementing material ever used was dampened clay and the 
Assyrians were the first to discover that this compound was really plastic 
or that it would harden on drying. The Babylonian and Egyptian build- 
ings were largely constructed of sun-dried brick cemented together with a 
bit of moist clay, but it was readily learned that such a cement would not 
support the huge boulders necessary for the massive Pyramids. By a series 
of crude experiments the Egyptians discovered that the mineral gypsum, 
when calcined or burned, made a most excellent cementing material.? 
This substance, now commonly known as plaster of Paris, was used for 
many centuries. A little later, however, we find the Greeks and Romans 
using volcanic earths which successfully resisted the action of fresh and 
salt water. Lime was used as a base and mortars were made by mixing 
the lime with volcanic earths. Interest in the development of building 
cements gradually ceased with the decline of Rome and not until 1756 
do we find the beginning of our modern cement industry. It was in that 
year that John Smeaton, an English engineer of note, carried out some 
investigations and learned that a clayey limestone, when burned, produced 
a mortar which would harden under water as well as in air. A little later 
(1824) Joseph Aspalin gave his mixture of limestone and clay the name 
Portland, because it closely resembled the famous English building stone 
that is known as Portland stone. Every one of us, as we watch the sturdy 
foundations of our homes being poured, should remember that the cement 
industry has not developed over night or even through a series of years. 
Only by the steady, concentrated effort of the chemist down through 
centuries of unceasing investigation has such a comfort been made possible. 
Truly we may say that this is one of the chemist’s greatest contributions to 
modern construction and that it adds untold advantages to the durability 
and healthfulness of our own American homes. 

After the foundation has been laid many of us have watched the busy 
carpenters erect the frame work, and most of us have even tried our hand 
at painting. Few of us, however, have stopped to think that the wood has 
been cured by chemicals or that the paint itself is a chemical compound. 
The majority of our paints are prepared by grinding naturally mined or 
chemically produced pigments in oil, subsequently adding a thinner, like 
turpentine or mineral spirits, and a drier made with cobalt, lead, or man- 
ganese to accelerate the drying tendency of the oil.* Varnishes are pro- 
duced in large quantities by fusing fossil or recent resins, combining the 
“run’’ resin with heat-treated drying oils, and then thinning with a volatile 
product such as turpentine or mineral spirits. Driers, acting in a catalytic 
way to speed up the hardening of the varnish, are also used in the various 
varnishes. ‘These are but a few of the many paint ingredients and the 
chemist must be familiar with thousands of materials coming from all parts 
of the world in order to have a thorough knowledge upon which to base his 
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processes and formulas. The paint industry is exceedingly young, for just 
twenty years ago there were only a few paint laboratories and not 
more than six or seven paint chemists. Today there are hundreds of 
laboratories and approximately two hundred chemists who work almost 
exclusively on paint and varnish problems. 

The history of paint is far-reaching and dates back to Noah’s ark which 
was covered with a coat of pitch. The ancient Egyptians decorated 
their tombs with paint, while the Greeks and Assyrians extensively de- 
veloped paint compounds. The Romans used color pigments for the 
decoration of their buildings, but the colors used in those days were prac- 
tically all earth colors such as red iron oxides, yellow ochers, lapis lazuli, 
and mercury vermilion. Not until the nineteenth century did white 
opaque pigments come into use. An attempt to discuss all paint ingre- 
dients would be futile, for a simple record of paint compounds would fill 
volumes. Before leaving such an interesting and important material, 
however, one other phase should be considered. From the standpoint 
of sanitation and hygiene painted walls are to be highly recommended. 
One of the most efficient means of destroying bacteria in quarters pre- 
viously occupied by persons suffering from contagious disease is to be had 
by painting the room with an oil pigment paint.® In hospitals the walls 
are always painted because the vapors from the paint develop formalde- 
hyde, an antiseptic which is fatal to bacilli. Nearly every article that we 
use has at some time or other come under the influence of paint and surely 
we must admit that the chemist has doubly blessed us, for after centuries 
of careful chemical synthesis and analysis, he has added another comfort 
to our everyday life. 

The house proper has been constructed and the asphalt shingles are 
placed in position.© The shingles are composed of an asphaltic compo- 
sition consisting of residue from petroleum, coal tar, and lignite com- 
pounds. Even the window pane has been compounded by the chemist, 
to say nothing of the rust-resisting metals which are concealed here and 
there about the building. 

Now let us turn to the family itself, and notice the direct influence which 
chemistry has on each individual. Until recent years when Dad got up 
on a cold, wintry day, it was either necessary for him to build a new fire 
or shovel] coal ’til his back was nearly broken.? Now, in this great age of 
scientific chemistry, all Dad must do is pull a tiny lever and with a smile 
upon his face ease back into bed and wait a minute for the heat to circulate 
about the room. ‘The chemist’s knowledge of oil combustion has alone 
made possible such a thing, for heat and light are chemical reactions. 

The chemist has played an all-important part in the discovery and manu- 
facture of our modern electric lights.’ Zinc chloride and cellulose unite 
to form the carbon filaments for electric light bulbs. Seldom do we recall 
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that chemical knowledge concerning combustion and the light ray has 
made such a luxury possible, a discovery that has unquestionably ad- 
vanced civilization a hundred years. 

The housewife of our average American home can now keep her choicest 
food products free from rot and fermentation because of the astounding 
discovery of chemical refrigeration.* There are three kinds of successful 
refrigerating machines, the compression, the absorption, and the dense 
gas machne. In recent years ammonia has become very important be- 
cause of its ability to produce artificial ice and maintain low temperature 
in refrigerating plants. Such a result has been made possible by the chem- 
ist who has very cleverly taken advantage of ammonia’s high heat of 
vaporization. ‘The ammonia gas is compressed, cooled by running water, 
and the liquid ammonia formed from this action is vaporized. In this 
way the necessary heat is absorbed and a temperature sufficiently low to 
freeze water is obtained. One cannot but marvel at the chemist’s con- 
tribution to mankind when one realizes that millions of dollars and thou- 
sands of lives have been saved because of successful chemical refrigeration." 

The present means of creating fire by the aid of a “‘match’’ is one of the 
greatest and most useful of all human inventions. The development of 
the present-day match is a striking illustration of the application of scien- 
tific, especially chemical, knowledge to human needs.'! How many of 
us, as we suddenly strike a match for this purpose or that, recall that each 
tiny match consists of a sulfur-dipped stick with an end of potash, phos- 
phorus, glue, and coloring matter? 

As the average girl sets the table, little does she think that the dishes are 
results of careful chemical synthesis. The majority of our American 
dishes are composed of feldspar, quartz, and calcium carbonate. 

Soap, the character standard of our modern civilization, has been de- 
veloped by the chemist. Cleanliness is all important if one is to attain 
true success, and pure cleanliness can only result from the proper applica- 
tion of soap. The first soap was made by the barbarians who mixed 
grease with ashes. History tells us that soap making was formerly a 
household art, and comfortable cleanliness was therefore a luxury to 
be had only by the wealthy. The chemistry of the soap process finally 
became known, and chemistry has proved that soap is the salt of an alka- 
line metal mixed with one of the higher fatty acids. The manufacture 
of soap has become a very important industry and is ever increasing in 
size. In addition to the shaving soaps, toilet soaps, and lye soaps used 
in our homes, the chemist has given us caustic soda, washing sodas, and 
various soap powders. 

The chemist has triumphed in the art of food preservation. ‘The house- 
wives of our homes today need no longer toil in the hot kitchen, for chem- 
ically canned foodstuffs save time and energy. ‘The chemist is the super- 
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visor and inspector of our food and through his work our bread has been 
reduced in cost and increased in cleanliness. Baking powder has made 
home baking a pleasure and the chemist has given the housewife con- 
venient cooking fats. 

The mother can now safeguard her babies’ health by feeding pasteurized 
milk, thanks to Louis Pasteur, the master chemist.'* Chemistry has 
made possible better theories of nutrition, and contagious disease germs 
have been eliminated extensively by an adequate chemical control.'4 A 
balanced diet with the maximum nutritive values has been made possible. 
Fundamental elements in nutrition have been formulated and we now 
know how to use our food supplies to the best advantage. 

Chemistry has created numberless articles about the house that really 
make life worthwhile. Rayon, man-made silk, has been manufactured 
for girls’ dresses.!° Lace and fine silks are now produced by machinery 
due to the chemist’s discovery of a solvent for cellulose. Synthetic rubber 
has been made possible by extensive chemical research.!® A combination 
of alcohol, cotton, and ether is now used as a substitute for leather and the 
chemist regards rags, old paper, and waste as priceless materials.17 The 
dye industry has increased rapidly for the chemist has proved that coal-tar 
dye is just as successful as tree-dye.'* Chemistry has solved the mysteries 
that have, until lately, shrouded iron, steel, and aluminum. Our kettles 
are produced from molten cryolite, and sand silicates mixed with quicklime 
compose our glass tumblers and fancy glass dishes.‘? Modern plumbing 
and toilet fixtures have resulted from careful chemical investigations, and 
even the water that we drink daily has been purified by the chemist.° 
Many American boys, as they joyfully tune in KX2, London, recall the 
close relationship existing between chemistry and radio.*! Surely radio 
is one of the greatest of all modern advantages. In a word, chemistry 
affects everything about the home, from the building itself to the celluloid 
rattle which amuses the baby on the nursery floor. 

It is well for us to remember that chemistry, the mother of all the other 
sciences, is still young, for today nothing is impossible in this scientific 
world. All the health and happiness that we now enjoy have been made 
possible through chemistry. It isa known fact that everything in existence 
can be traced to chemical formation. We may therefore look forward 
to the future for an ever-increasing influence over domestic conditions 
that will come through greater chemical knowledge. Chemistry in rela- 
tion to the home is second to but one thing, and that one element which 
makes a place home, whether it be a shack or a mansion, is love. 
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Romans Used Glass Panes in Windows. Glass windows are not the relatively 
modern things they are commonly reputed to be. According to Dr. M. Blaschke, a 
German ceramic chemist, they were in use in ancient Rome. Most of the panes did 
not exceed 12 by 16 inches in size, though a few larger ones have been found. 

Glass-making, known for many centuries in Egypt, came to Rome relatively late. 
During the time of Cicero, who died in 43 B.C., glass objects of any kind were rarities, 
and glass windows were unknown. A hundred years later most households owned 
some, and by the time the Empire was well established glass was fairly common. ‘The 
famous mosaics of the later Empire, notably at Ravenna and Constantinople, were 
made largely out of bits of glass.—Science Service 
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THE RELATION OF CHEMISTRY TO THE DEVELOPMENT OF 
THE PETROLEUM INDUSTRY IN THE UNITED STATES* 


Joun Lewis Moret, BAYLOR UNIVERSITY, Waco, TEXAS 


‘There are very few industries in which chemistry plays a more vital part 
than the petroleum industry; yet up to a few years ago very little was 
known of the chemistry involved in the production and refining of petro- 
leum. In the past few years, and particularly with the advent of the 
automobile industry, there has been a greater interest in petroleum chem- 
istry. The importance of cracking 
processes is well known, but there 
are applications of chemistry to 
petroleum that have and will have 
increasing importance to the indus- 
try as it becomes even more com- 
plex. ‘There are such applications 
from the time drilling begins until 
the finished products leave the 
refinery, and it is the purpose of 
this paper to make a general survey 
of the relation of chemistry to the 
development of the petroleum 
industry, rather than to dwell at 
any great length on refinery tech- 
nology. 

In oil field exploration the most 
important contribution in recent 
years has been the carbon ratio 
theory of David White, the geolo- 
gist, who made the discovery that 
in areas where both coal and Joun Lewis MoILLIET 
petroleum occur, the frequency of 
occurrence of oil is inversely proportional to the carbon ratio of the 
coal. ‘This theory has already proved of some value in oil field ex- 
ploration, but the future should bring out many more applications of 
geochemistry to oil field exploration. 

In the earlier oil wells, as in the refineries, the processes were compara- 
tively simple, and there was no need for chemical experts. As the in- 
dustry has become more complex, however, there have arisen problems 
that have been solved, or are being solved, only by the help of chemistry. 

One of the most serious of these problems has been that of water entering 
wells through faulty casings and either forming emulsions, which are 


* Prize-winning college essay, 1927-28. 
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broken up at considerable cost, or else so diluting the oi: as to render the 
wells no longer profitable. Methods were early developed for cementing 
casings at places where water flowed in, but the difficulty lay in the fact 
that the source of the water could not always be found. Consequently, 
a method developed by which analyses were made of samples of water from 
different levels as the well went down, and water that came in later was 
recognized by its chemical constitution. Ordinary expression of its com- 
position by means of grains per gallon, etc., have been replaced in many 
cases by the method of interpretation used by Chase Palmer, which is 
briefly as follows. Instead of expressing the analyses in the ordinary way, 
they are expressed in terms of the different radicals or ions present, and by 
dividing the weight of each radical present by its equivalent combining 
weight, the reaction capacity is found. In terms of reaction capacity the 
relative alkalinity or salinity of the water is expressed. This method 
enables more minute expression, while the general characteristics of the 
water at different levels can be expressed more generally. 

Another development in the solution of problems arising from water, in 
which the chemist plays a part, is the tracing of the flow from well to well 
of underground water. By this means the formation of strata can be 
studied and data collected to help on water problems. The use of dyes, 
pumped in at one well, has been of considerable value, but lately a method 
has been developed in which salts of rare metals, such as lithium, are 
pumped down and then recognized in the mineral residues of samples col- 
lected at neighboring wells by their flame tests. 

Even more important than the above uses has been the application of 
chemistry in making substitutes for the methods of cementing out water 
in leaky casings. ‘The first substitute was drilling mud, which was made 
of the dirt from the well itself, and required no chemistry in its preparation. 
There are, however, many wells in porous soil that drain away drilling 
muds, while at the same time gas disturbances prevent the setting of ce- 
ment. ‘The chemist saved the situation in this instance with hydraulic 
lime, which is used in the same general way as concrete. A typical hy- 
draulic lime has the following composition by weight: 10.51% silicon 
dioxide (sand), 12.40% ferric and aluminum oxides, 39.2% calcium 
hydroxide (slaked lime), 20.61% magnesium hydroxide, 1.65% sulfur 
trioxide, and 6.17% carbon dioxide. While concrete is still used in large 
amounts, hydraulic lime is being used more and more on wells that could 
not be saved by the other method. 

The last application of chemistry in crude petroleum production has been 
in the problem of handling emulsions of oil and water. It is absolutely 
necessary to break up these emulsions before the oil is piped for any great 
distance, in order to prevent corrosion of pipe lines, and physical means are 
expensive. Consequently, the production of crude oil has been greatly 
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increased by the chemical treatment of emulsions. Compounds have been 
leveloped which break them up by softening the water present and by 
veakening the surface tension of the oil. This branch of petroleum chem- 
istry is still in its infancy, but the results already obtained indicate that 
work on better emulsion-breakers should bear fruit. The present goal 
for such investigators is the development of an oil-soluble compound, which 
would be more economical, would require less agitation, and could be more 
universally applied. This is a problem that comes under colloid chemistry, 
ind its solution will depend largely upon the attention that the colloid 
chemist brings to bear upon it. 

After the oil has been freed of water, it is ready for refining, an essentially 
chemical process. Refining was formerly merely a process of fractional 
distillation which could be done by untrained men, but the greater number 
of products now required, together with the development of cracking proc- 
esses, has made chemical research and the application of chemical engineer- 
ing more and more important. The first important contributions of 
chemistry to petroleum refining were Frasch’s method of desulfuretting 
oil by means of cupric oxide, and the all-important cracking processes. 

The cracking of heavy oils to yield the lighter hydrocarbons is too 
familiar a story to be given in much detail here; it is sufficient to say that 
heating the heavier members of the groups at high temperature and 
pressure will break them up into the lighter, more volatile ones. ‘The 
cause of this development of cracking processes has been the rapid rise 
of the automobile industry, and this same industry has developed a new 
problem for chemistry, that of fuels that will give a greater mileage and 
that will not cause knocks in the motor. With the rise of aviation, it is 
safe to predict that there will be a demand for even more efficient fuels. 
There have already been several additions to our knowledge of cracking, 
and one of the more recent discoveries, and one of the most promising, 
has been that of catalytic treatment of cracked distillates in the vapor 
phase. 

Cracked distillates, like the vast majority of petroleum products, must 
be purified with sulfuric acid and sodium hydroxide in order to remove the 
color present, which is due to the presence of unsaturated hydrocarbons. 
It has been found that if these vapors be passed through fuller’s earth which 
is kept at the same temperature as the issuing vapors, the earth catalyzes 
the union of the unsaturated compounds into heavier ones with higher 
boiling points, which causes them to condense. The other vapors pass off 
to the regular condensers. While the practicability of this treatment of 
distillates has still to be tested more completely, it should at least suggest 
lines of approach to the solution of the problem of cheaper treatment of 
distillation products. 

There are several instances in both the refinery and oil field where chem- 
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istry has been applied in the development of the petroleum industry. 
A problem that is of importance to practically every industrial process 
of any size is that of pure water for boilers. In petroleum refining there 
is constant use of steam distillation, and at the well the machinery is 
operated by steam; so chemical methods of purifying water are very 
necessary. Scales in boilers reduce the heat conductivity of the metal 
and thus increase expense, and clog up boilers and steam pipes, often 
causing explosions. By a knowledge of simple inorganic chemistry, the 
harmful salts can be removed by adding salts that contain radicals that 
will precipitate the harmful radicals. This has proved of great value, 
though there are cases where recourse has to be made finally to distillation 
of the water. 

Perhaps the greatest hazard that the oil refiner and producer must face 
is that of fire. This is increased by the fact that most of the oil products, 
besides being highly inflammable, are lighter than water and hence cannot 
be extinguished by ordinary methods. ‘This danger created a demand for 
a substitute for water in fighting oil fires. The chemist’s answer was 
‘“‘Foamite.’”’ As in the ordinary fire extinguisher, carbon dioxide is gen- 
erated, though in this case it is by the action between sodium bicarbonate 
and alum. ‘To this mixture is added some substance, such as licorice, 
which causes the bubbles of carbon dioxide to have thick skins and cling 
to any surface on which they are poured. The thick foam of water, 
licorice, and carbon dioxide floats on top of the burning mass and quickly 
blankets out the flame. 

The last application of chemistry to the development of the petroleum in- 
dustry has been its relation to the development of the branch industries, 
the shale oil and gas industries. So closely is the shale oil industry related 
to the petroleum industry, and so closely do they resemble one another, 
that the shale oil industry can be considered a branch of the larger pe- 
troleum industry. For many years oil has been produced in Scotland 
from oil shales, and there are deposits in the United States that are far 
richer than those in Scotland, though up to the present they have not been 
developed. ‘The Scottish industry came near collapsing when cheaper 
oil began to be produced in the United States and Russia, but the value 
of the ammonia made as a by-product saved the situation. Had it not been 
for the chemical value of ammonium compounds, the industry could not 
have survived. American shale yields a high percentage of ammonia, 
and it may be safely predicted that at some time in the future there will 
be a development of this important national resource, in which the chemist 
will play an important rédle. The oil from shale comes as a result of the 
destructive distillation of the semi-solid kerogen which breaks up into 
products closely resembling the products of petroleum refining. A 
more detailed study of the reactions involved should lead to dis- 
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‘overies that will make this branch of the petroleum industry sub- 
stantially established. 

In a sense a by-product industry of petroleum, the production of natural 
gas, is very closely related to petroleum production and is closely bound up 
in its development. Already natural gas is becoming of importance in 
more ways than as a fuel, due chiefly to chemical investigations. It has 
been discovered that the crude natural gas often contains many vapors 
that can be condensed and refined as lighter fractions of petroleum. It 
has also been found that many natural gases in the Middle West and 
Southwest contain helium in large enough amounts to make extraction 
worthwhile. Non-inflammable gases are in great demand for airships, 
particularly in wartime; so chemists of the Bureau of Mines and the 
University of Kansas, working on the suggestion of the isolator of helium, 
Sir William Ramsay, have devised methods of extraction. Plants for 
extraction have already been erected at Fort Worth, Texas. ‘The gas is 
put under heavy pressure and allowed to escape through a small opening, 
as in the making of liquid air, with the result that all the gas except the 
helium liquefies. ‘The latter is collected and stored for use. Other methods 
have also been developed, but the essential principle is the same. 

It can be seen from the above brief sketch that both in the history of 
the petroleum industry and the history of the petroleum itself chemistry 
has played, and does play, an important part. Nevertheless, it is easy to 
see that this relationship must become even more pronounced in the future. 
In every single instance that has been cited above, the applications of 
chemistry are still in the early stages, and the value of the science is there- 
fore largely a future value. If the chemist meets this challenge as he has 
met the problems that have been solved, and we have every reason to 
believe that he will, the problems and mysteries of the petroleum industry 
should soon take their places with the problems that have already been 
solved by chemical ingenuity and research. 
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LIQUID AMMONIA AS A SOLVENT AND THE AMMONIA SYSTEM 
OF COMPOUNDS. II. INORGANIC AMMONIA COMPOUNDS 


W. ConaRD FERNELIUS, STANFORD UNIVERSITY, CALIFORNIA, AND WARREN C. JOHNSON, 
UNIVERSITY OF CHICAGO, CHICAGO, ILLINOIS 


In an earlier article’ the close correspondence between the physical 
properties of water and liquid ammonia was pointed out. In the present 
discussion it will be shown that, on the basis of chemical properties, a 
system of compounds exists, the members of which are related to ammonia 
in essentially the same manner as our familiar inorganic compounds are 
related to water. 

Lavoisier’s Views 

By his classical investigations upon oxygen Lavoisier was led to assume 
that this substance is a constituent of all.sour substances and he gave to it 
its present name which literally means ‘“‘acid former.’’ ‘In the years 
following ‘la révolution chimique’ the view prevailed among chemists 
that all acids, bases, and salts owe their characteristic properties to the 
presence of oxygen.”’? Indeed, it will be recalled that for many years chlor- 
ine was regarded as an oxide because of its formation from hydrogen chloride 
which, being an acid, was assumed to contain oxygen. ‘Today we know 
that, not only oxygen, but also sulfur, nitrogen, the halogens and even 
carbon form acids, bases, and salts in the original Lavoisierian sense. 


The Water System of Acids, Bases, and Salts 


“Everyone recognizes that in an entirely reasonable sense the ordinary 
oxygen bases, acids, and salts may be looked upon as derivatives of water. 
A molecule of a typical base, such as potassium hydroxide, is accordingly 
assumed to be a molecule of water in which one hydrogen atom is replaced 
by a strongly electropositive potassium atom. An acid is similarly an 
hydroxide or a partially dehydrated hydroxide of an electronegative ele- 
ment, while a salt is a mixed oxide, or in other words, a derivative of water 
in which a part of the hydrogen is replaced by a metal or an electropositive 
group while the place of another portion of the hydrogen is taken by a 
negative element or radical. Bases react with acids, with especial facility 
in solution in water, to form salts; as represented for example by the familiar 
equation, KOH + HONO, = KONO, + H,0.’”? 

Professor Franklin has proposed to call such derivatives of water aquo 
bases, aquo acids, and aquo salis, respectively. ‘The above equation may 
therefore be regarded as representing the action of an aquo base, potassium 
hydroxide, on aquo nitric acid to form potassium aquo nitrate and water. 
To visualize this conception of water compounds it seems desirable to 


1 THs JOURNAL, 5, 664-70 (June, 1928). 
2 Franklin, J. Am. Chem. Soc., 46, 2137 (1924). 
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consider the formal derivation of certain water compounds. If one writes 
an atom of pentavalent phosphorus combined with five hydroxyl groups, 
i. e., an atom of phosphorus replacing one of the hydrogen atoms of each 
of five water molecules, and then imagines this hypothetical compound to 
lose water by successive dehydrations, one obtains the following series: 

OH Jf? 

HO. OH OH O=P—OH O P=O 

- AS _— =o _" mat — \, on > So 

—P—OH Vz P=O 

Non 9 No 

H;PO; H3PO, H4P20; HPO; P20 


The formal relationship of the various known derivatives of the phosphoric 
acids to the hypothetical parent acid, H;PO;, becomes at once apparent. 
The end product of this dehydration scheme, phosphorus pentoxide, 
deserves special attention. Although not an acid itself, since it contains 
no hydrogen, it readily forms phosphoric acid by taking up water. Com- 
pounds of this type have been designated as anhydrides or, more specifically, 
acid anhydrides. Similarly, oxides resulting from the dehydration of 
bases, e. g., Ca(OH), —> CaO + H,O, might be termed basic anhydrides 
although the usual terminology is basic oxides. 


The Ammonia System of Bases, Acids, and Salts 


The remarkable resemblances between the physical properties of water 
and ammonia have already been pointed out.' It will be recalled particu- 
larly that ammonia, like water and unlike most of the other non-metallic 
hydrides, is an excellent ionizing solvent. ‘‘Approaching water as it does 
in general properties, one might expect to find many resemblances between 
derivatives of ammonia and the analogous water compounds and, indeed, 
many such resemblances have long been recognized. More specifically, 
one might expect to find compounds formally related to ammonia as the 
aquo bases, acids, and salts are related to water to possess the properties, 
respectively, of acids, bases, and salts, and thus to constitute an ammonia 
system of compounds analogous to the water system mentioned above. 
Many such basic, acidic, and salt-like compounds derived from ammonia 
have long been known though an adequate recognition of their real nature 
as bases, acids, and salts of an ammonia system has awaited a study of their 
reactions in liquid ammonia solutions. 

“Compounds which are related to ammonia as the metallic hydroxides 
are related to water are the bases of the ammonia system. ‘They may 
appropriately be called ammono bases. Potassium amide, KN Hp, and lead 
imide, PbNH, for example, are ammono bases while the metallic nitrides 
are basic nitrides corresponding to the basic oxides of the water system.’’” 
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Consider the compound potassium amide. It is a colorless, crystalline 
substance which dissolves very readily in liquid ammonia to give a solution 
which is a conductor of the electric current. A liquid ammonia solution 
of potassium amide affects indicators in the same manner as does an aqueous 
solution of potassium hydroxide. ‘Thus a neutral solution of phenol- 
phthalein in ammonia is colorless, but it instantly develops a red color 
on the addition of a single drop of potassium amide solution. Furthermore, 
potassium amide can be prepared in a manner essentially similar to that 
used for the preparation of potassium hydroxide. Thus metallic potassium 
reacts with ammonia to form potassium amide precisely as it acts on water 
to form potassium hydroxide, excepting that the former reaction is ex- 
tremely sluggish whereas the latter is very energetic.* Both reactions 
liberate hydrogen. ‘The parallel reactions are represented by the equations, 


2K + 2H.O = 2KOH + Hp 
and 2K + 2NH;3 = 2KNH2 + H2 


Just as potassium hydroxide acts upon many metallic salts in aqueous 
solution to precipitate metallic hydroxides, or oxides as the case may be, 
“so potassium amide added to liquid ammonia solutions of the salts of 
heavy metals gives, in certain instances, precipitates of the amides, in 
others of imides and in still others of nitrides. ‘Typical reactions repre- 
senting the formation of silver amide, lead imide and mercuric nitride, 
respectively, are shown by the equations, 

AgNO; + KNH, = AgNH2 + KNO;3 


PbI, + 2KNH:2 = PbNH + 2KI + NH; 
and 3HgBre + 6KNH2 = Hg;N2 + 6KBr + 4NH3. 


‘Amides of the electronegative elements together with their partially 
deammonated products, are the acids of the ammonia system, that is to 
say, they are ammono acids, while the final deammonation products as 
analogs of the acid oxides or acid anhydrides are acid nitrides or, as they 
may be fittingly called, acid anammonides.”’ A scheme for the ammono 
phosphoric acids‘ similar to the one presented above for the aquo phos- 
phoric acids will serve to make these resemblances clear: 


HN. NH: NH, HNG N=P=N 
P—NH, —> HN=P—NH,—> — P—NH, —> N=P=NH —> N=P 
H,N” \NH, \NH: —-HNZ N=P=N 
HPN; HPN, HPN; HPN; PsNs 


3 The difference in the rate of reaction can be explained as being due to two factors: 
(1) the greater affinity of potassium for oxygen than for nitrogen and (2) the much 
greater concentration of the hydrogen ion in water. ‘The difference in the rate of re- 
action gives a good idea of the relative degree of ionization of the two solvents. 

4 Of the several compounds shown in this scheme, the last three members are known 


to exist. 
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Here the end product of deammonation, phosphoric nitride, P3;N;, is to be 
looked upon as phosphoric anammonide. 

Just as in the case of the ammono bases, the resemblances between 
ammono and aquo acids extend farther than formal structural parallelism. 
Thus the reactions of the two types of acids are strictly comparable; am- 
mono acids in liquid ammonia solution effect the reverse color changes in 
indicators caused by ammono bases, neutralize ammono bases to form 
ammono salts and ammonia, and dissolve metals with liberation of hydro- 
gen. ‘Typical reactions representing the behavior of an ammono phos- 
phoric acid, phospham, and an ammono carbonic acid, cyanamide, are 
shown by the equations, 

HNPN + NaNH:z = NaNPN + NH;, 

H.NCN + AgNH; = AgHN-CN + NH;, 

2H.NCN + Mg = Mg(HN-CN): + Hp. 
Finally, it is significant that ammono bases, acids and salts form elec- 
trically conducting solutions when dissolved in liquid ammonia just as do 
the corresponding aquo compounds in water solution. 

In Table I are given a number of ammono compounds with their 
analogous aquo compounds. ‘The resemblance of the two systems is 
obvious except, perhaps, in the case of hydrazoic acid, HN;. If the for- 
mula, H—N=N=N,’ be assigned this compound, its resemblance to nitric 
acid, H—O—N0Oz, is at once apparent “‘for just as aquo nitric acid is 
ordinarily assumed to be built up of a pentavalent positive nitrogen atom 
with its five valencies satisfied by two divalent oxygen atoms and a uni- 
valent hydroxyl group, so in hydrazoic acid, as represented by the above 
formula, the five valencies of a pentavalent positive atom hold in combina- 
tion one negative trivalent nitrogen atom and a negative divalent imido 
group. Or, as the formula is sometimes exemplified by assuming the acid 


TABLE I 


Water compounds Ammonia compounds 
H—OH H—NH; 
Water Ammonia 


K—OH K—NH, 
Potassium hydroxide Potassium amide 
Ca(OH)s Ca(NHe)2 
Calcium hydroxide Calcium amide 
CaO CasN2 


Calcium oxide Calcium nitride 


Al(OH); HN=AI—NH:2 
Aluminum hydroxide Aluminum amide imide 





5 Thiele, Ber., 44, 2522 (1911); Turrentine, J. Am. Chem. Soc., 34, 385 (1912); 
Franklin, Trans. 8th Int. Cong. Appl. Chem., 6, 119 (1912). 
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Bi.O; 
Bismuth oxide 


Cl—OH 


Hypochlorous acid 


OC(OH)s. 
Carbonic acid 
HNO; 

Nitric acid 
H2SO3 

Sulfurous acid 
SiO» 

Silicic anhydride 


OC(OK)2.; CaCO; 
Carbonates 


NazSO3 


Sodium sulfite 


Zn(OK)» 
Potassium zincate 


Cc H;COONa 
Sodium acetate 


BiN 

Bismuth nitride 

CI—NH2 

ClL—=NH 

Hypochlorous acids 
HN=C(NH2)2; N=C—NH2 
Guanidine Cyanamide 


HN; 
Hydrazoic acid 


H.SN2 
Ammono sulfurous acid 


SizsN4 
Silicic anammonide 
HNC(NHK):; CaNCN 


Ammono carbonates 


HgNSN 
Mercuric ammono sulfite 


Zn(NHK):.2NHs; 
Potassium ammono zincate 


CH;C(NH)NHNa 


Sodium ammono acetate 


to be a dehydration product of the unknown ortho nitric acid, so the 
formula H—N==N=N may be deduced by assuming hydrazoic acid to 
be a deammonation product of the hypothetical ortho ammono nitric acid, 
as shown by the parallel schemes, : 


N(OH); —> ON(OH); —> O.NOH 
N(NH:); —> HN=N(NH:); —> N=N(NH;)2 —> N=N=NH? 


Experimentally, potassium aquo nitrate has beenammonolyzed to potassium 
ammono nitrate (potassium azide) although as yet attempts to effect the 
reverse hydrolysis have been unsuccessful. Moreover, a water solution of 
ammonium azide and ammonium chloride® has been found to slowly dis- 
solve the noble metals in a manner comparable to the dissolution by the 
familiar mixture of hydrochloric and nitric acids. With all justification, 
then, the above mixture might be termed an ammono aqua regia. ‘The 
resemblance between the two nitric acids does not stop here, however. 
Whereas nitric acid is frequently used to bring about an oxidation (increase 
in valence toward oxygen), hydrazoic acid or its salts easily bring about 
a nitridation (increase in valence toward nitrogen). 


6 It will be recalled that the ammonium salts behave as acids in liquid ammonia 
solution. Cf. Franklin and Kraus, Am. Chem. J., 21, 1 (1899). 
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Hydrolysis and Ammonolysis 


The importance of liquid ammonia as a solvent for the preparation of 
compounds of the ammonia system must not be minimized. Whereas 
ammono compounds are perfectly stable in ammonia solution, many of 
them, especially bases and salts, are completely and almost instantly 
hydrolyzed in the presence of water. This behavior may be ascribed to 
the greater electrolytic dissociation of water. Thus in the equilibrium 


scheme shown below, 
KNH.—=Kt + NH.- 
+ + 
H,O = OH- + Hr 
It {It 
KOH + NH; 





the dissociation constant of water, that is, of the equation H,O = 
H+ + OH, although very small, is much greater than the constant for 
the equation NH; = H*+ + NHbp,~ with the inevitable result that po- 
tassium amide and water react with each other to form potassium hydroxide 
and ammonia.’ Some ammono acids, although comparatively stable 
in water, are possessed of such extremely weak acid properties that their 
salts are completely hydrolyzed in the presence of water and they are not 
generally recognized as acids. Ammonia, however, with its low dissocia- 
tion constant is not as powerful an ammonolyzing solvent as water is a 
hydrolyzing solvent, whence it follows that ammono acids which are un- 
recognizable as acids in aqueous solution have been found to show distinct 
acid properties in ammonia solution. 


Amphoteric Amides and Imides 


Every student of chemistry is familiar with the fact that certain metallic 
hydroxides, such as those of zinc, lead, and aluminum, dissolve in aqueous 
solutions of potassium hydroxide to form potassium zincate, plumbite, and 
aluminate, respectively. Such amphoteric properties are not limited to the 
hydroxides but are also characteristic of the corresponding compounds of 
the ammonia system. ‘Thus zinc amide, lead imide and aluminum amide- 
imide are acted upon by potassium amide in liquid ammonia solution to 
form potassium ammono zincate, ammono plumbite, and ammono alu- 
minate. Whereas the alkali aquo metallates are very difficult to obtain in 
a pure state because of the hydrolyzing action of water, the analogous 
ammono salts may be.easily obtained, for the most part beautifully crys- 
tallized and of very definite composition, from ammonia solutions. It is 
a matter of much interest, furthermore, to observe that whereas, on the 
one hand, a very limited number of metallic hydroxides react after the 
manner of aluminum hydroxide with potassium hydroxide in aqueous 

7 The equilibrium constants for the reactions, KNH: = K* + NH.~ and KOH = 
K* + OH~ are both relatively high and therefore of no practical influence. 
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solution, on the other hand, the number of metallic amides which react 
with potassium amide in liquid ammonia is very large. Not only have an 
ammono aluminate, zincate, and plumbite of potassium been prepared, 
but the list of such compounds has been extended to include a cadmiate, 
a cuprite, argentate, hypomanganite, thallite, nickelate, berylliate, mag- 
nesiate, bariate, strontiate, calciate, and even a sodiate and lithiate. The 
analogous compounds are undoubtedly formed when metals or metallic 
oxides are dissolved in fused potassium hydroxide. 


Ammonobasic Salts 


Bismuth chloride is hydrolyzed by water with the production of hydro- 
chloric acid and the attendant precipitation of basic bismuth chloride as 
shown by the equation, 


BiCl; + H.O = BiOCI + 2HC1. 


Numerous other basic salts are known. Similarly, in liquid ammonia 
solution, mercuric chloride is ammonolyzed to ammonobasic mercuric 
chloride* and hydrochloric acid thus: 


HgCl, + 2NH; = NH2HgCl + NH,Cl 
Ammonobasic salts of aluminum and beryllium have also been prepared. 


Mixed Aquo Ammono Compounds 


Considerable space has been devoted to developing a system of com- 
pounds derivable from ammonia analogous to the familiarly known oxygen 
compounds derivable from water and which may be spoken of collectively 
as the water system of compounds. It is interesting to find that there are 
numerous substances containing both nitrogen and oxygen which may be 
looked upon as belonging at the same time to both the water and the 
ammonia system of compounds and consequently may be fittingly called 
mixed aquo ammono compounds. ‘Thus a compound having the formula 
HO-Hg-NH2* would be a mixed aquo ammono mercuric base and 
Lachman’s nitramide, O2N-NHg, is to be regarded as a mixed aquo am- 
mono nitric acid. ‘The mixed aquo ammono phosphoric acids present many 
interesting possibilities some of which are given here: 


8 This ammonobasic mercuric chloride is the well-known “‘infusible white pre- 
cipitate’’ obtained by treating mercuric chloride with ammonium hydroxide. ‘The so- 
called ‘‘mercuriammonium compounds”’ can be classified as derivatives of ammonia 
under the following types: salts with ammonia of crystallization, HgCh.2NH3; am- 
monobasic salts; and mixed aquobasic-ammonobasic salts, HO-Hg-NH Hg-Cl (see 
below). [Cf. Franklin, Am. Chem. J., 29, 35 (1907); 47, 36 (1912) ]. 

® Although this simple compound is unknown, mixed aquo ammono mercuric 
bases of a more complex nature are well known. 
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4 q The lower scheme shows how one of these acids by successive deammona- 
q tion gives rise to a second phosphoric acid and finally to a compound, 
; OPN, which is a mixed acid anhydride acid anammonide and may properly 
4 be called phosphoric anhydride anammonide. ‘Two well-known mixed 

= 4 acids are sulfamide, SO2(NHe)2, a mixed aquo ammono sulfuric acid and 

s q amido chromic acid, (H2N)CrO.(OH), a mixed aquo ammono chromic acid. 
Other Systems of Compounds 
; It is only fitting in passing that one stop a moment to consider systems 
bg e . 

a ; of bases, acids, and salts other than those derived from water (oxygen) 






and ammonia (nitrogen). Lack of space, however, prevents a proper 
presentation of such systems. It is sufficient to state that sulfur, the halo- 
gens, and even carbon have the ability to form acids, bases, and salts in the 
original Lavoisierian sense. ‘Thus potassium hydrosulfide, KSH, and tri- 
thiocarbonic acid, SC(SH)s, are examples of a thio base and a thio acid, 
respectively, belonging to a hydrogen sulfide system of compounds; 
potassium hydrogen fluoride, KF.HF, and hydrofluosilicic acid, 2HF.SiF;, 
a fluoro base and fluoro acid of a hydrogen fluoride system; and sodium 
methyl, NaCH;, a methano base of a methane system of compounds. 
Various reactions add support to these views but it is probably pushing the 
principle of analogy a bit too far to apply it to compounds derived from 
such an unwater-like compound as methane. At least, it cannot be de- 
nied that the conception of systems of compounds is extremely useful in 
classifying and relating a vast number of chemical reactions and in pre- 
dicting numerous others. 






















Special Oils Needed for Electric Insulation. Scientific research on oil is concerned 
not merely with its uses as lubricant and fuel but with its less known but almost equally 
important utilization in the insulation of electric wires. Oil is one of the best insulators 
known, but not all oils are equally good in this respect, according to T. N. Riley and 
T. R. Scott of the Institution of Electrical Engineers (London). 

High-voltage cable insulation usually consists in part of layers of oiled paper. In 
handling, the layers of paper must slide freely over each other, and to this end the in- 
sulating oil must also be a good lubricant. The oil must also be a good conductor of 
heat, so that the cable may remain cool even when it is carrying a heavy load of current. 
Finally, the formation of gas “‘pockets’’ between the layers must be avoided, for these 
spaces would permit brush discharges to take place and set the cable afire—Science 
Service 
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THE STORY OF PAINT AND VARNISH. PART III 


E. C. Horton, THE SHERWIN-WILLIAMS CoMPANY, CLEVELAND, OHIO 


Recent explorations in the tombs of ancient Egypt reveal enough of the 
art of that time to prove that asphalts, waxes, and resins were used in pro- 
tective and decorative coatings. Sometimes these were applied in molten 
condition, at other times they were probably dissolved in natural oleoresins 
and terpenes. 

In the Bible, Genesis 6:14 (2448 B.C.) the command to Noah was, 
‘““Make thee an ark of gopher wood; rooms shalt thou make in the ark, 
and shalt pitch it within and without with pitch.” 

Concerning the infant Moses and his mother, the Bible states: ‘And 
when she could not longer hide him, she took for him an ark of bulrushes 
and daubed it with slime and with pitch, and put the child therein; and 
she laid it in the flags by the river’s brink.’””’ Exodus 2:3 (1571 B.C.). 

Today vast quantities of pitch are used in water-proofing and damp- 
proofing paints and compounds. ‘The pitches in common use today come 
not only from the asphaltic deposits of Palestine and Egypt but also 
from many other places and especially from Trinidad, Barbados, and 
Utah. The residues obtained in the distillation of many petroleums and 
the still residues of the candle industry, as well as the coal-tar pitches 
and the pitches of the wood distillation industry, are all useful. 

Rubber or caoutchouc, in admixture with oils and resins, enters into 
the composition of some paint vehicles. ‘The consumption is relatively 
small. 


Vehicles 


The liquid portion of a paint is called the vehicle. When the vehicle 
consists principally of water, the paint is regarded as a water paint; if 
the vehicle is mainly linseed oil we have a linseed oil paint; if vartiish, 
a varnish or enamel paint. 

Whitewash is a water paint made by slaking good quicklime with water. 
A portion of the calcium hydroxide formed by the slaking actually dis- 
solves in the water, but the greater part remains in suspension as pigment 
particles. When whitewash is applied as a paint the water evaporates 
from the solution leaving a coating of calcium hydroxide which cements the 
pigment particles to the surface treated. ‘The hydroxide soon changes to 
carbonate through the action of the carbon dioxide in the atmosphere. 
There are some colored pigments which are not injured by alkali, and 
these may be mixed with the whitewash to give various tints. 

Whitewash, whether white or tinted, not only improves the appearance 
of surfaces to which it is applied but is also toxic to some forms of insect life 
and deterrent to others. ‘The disadvantages of this paint are the ease 
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with which the pigment is dusted off and its permeability to water. It 
offers but little resistance to rain and moreover is not opaque when wet. 

Kalsomine or calcimine is a water paint in which the pigment is largely 
calcium carbonate or calcium sulfate or a mixture of the two, often tinted 
with colored pigments. The binding material is usually glue or casein or 
starchy material dissolved in the water. Dry mixtures of the above in- 
gredients are marketed under various proprietary names. ‘The user adds 
the necessary water when he is ready to apply them. 

In hot-water calcimine, ordinary powdered glue is used. In cold-water 
calcimine, casein or specially prepared glues are used. Except in arid 
regions, this paint, like whitewash, is best used on surfaces not exposed to 
the weather. It is quite extensively used for tinting inside walls of factories, 
offices, public buildings, and residences but is not equal to the washable 
interior wall finishes to be described. 

The principal binding material used in artists’ water colors is usually 
gum acacia. This is often modified by the addition of glycerine and 
levulose. 

Manufacture and Application 


The pigments and vehicles being ready, the manufacturer proceeds to 
convert them into paint. Ifa paste paint is desired the pigment is mixed 
with the selected vehicle in an edge roll mill, a kneading machine or other 
suitable mixer, until uniformly mixed to the desired consistency. Usually 
this paste is not sold as first mixed but is ground in buhr stone mills or in 
roller mills and the resulting product is sold as paste paint. Liquid paint 
is made by running ground paste into a reducing and mixing tank to which 
more vehicles are added and the whole mixed until of the proper consistency 
and quality. 

Liquid paints are also made by grinding mixtures of pigments and ve- 
hicles in ball mills. In the case of vehicles containing a high proportion of 
volatile solvents this is an excellent method, since the mill is closed and 
there is no loss by evaporation. Sometimes liquid paints are made by 
running mixtures of pigments and vehicles through so-called colloid mills. 
These mills operate at very high speed. Since they are closed there is no 
evaporation loss and for some pigments the results are quite satisfactory. 
By varying the proportions of pigment and vehicle and by selection of the 
proper vehicle it is possible to make a very wide variety of paints—paints 
of high, medium, and low gloss; paints of extreme durability for outside 
exposure and paints of great beauty for inside work but of little durability 
for outside are all possible today. 

Until recently these protective coatings have usually been applied by 
means of brushes. ‘The brushes have varied greatly in style and size 
according to the nature of the job and the idiosyncrasies of the painter. 
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During recent years in many manufacturing establishmer.ts the process 
of dipping has come into use. Paints and varnishes used in dipping proc- 
esses require more skill in their preparation since the flow must be uni- 
form, the rate of evaporation of the solvent and the drying time carefully 
adjusted, and the pigment must not settle out of the paint when standing 
in the dipping tank. This method of painting has been developed to a 
high degree and very satisfactory results have been attained with both 
large and small objects. When a dipping process is used the excess paint 











Courtesy of the Pittsburgh Plate Glass Co. 


Paste MIXING 


may be allowed to drain off naturally or the painted piece may be rapidly 
rotated and the excess thrown off by centifrugal force. 

More recently spraying has come into use and today all methods are 
employed. 

In house painting, and in general painting, except in factories and shops, 
the painted object is allowed to dry naturally in the air. Many of the 
old style paints and varnishes require one or more days of natural drying 
before they are ready for the application of a second coat. 

Drying may be greatly hastened by keeping the painted article in a 
heated room. When wooden articles, such as articles of furniture, etc., 
are to be treated thus, care must be taken that they do not shrink unduly 
and become warped and distorted. To avoid this the moisture content 
of the air in the heated room must be very carefully regulated, as well 
as the temperature. With metallic objects the moisture content of the 
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ROLLER MILs FOR PAINT GRINDING 








Courtesy of the Pittsburgh Plate Glass Co. 
BALL MILLS FOR PAINT GRINDING 
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air does not require so much attention but in all cases the temperature 
must be carefully regulated since the paints and varnishes employed are so 
designed as to give the best results when kept in the drying chamber for a 
definite time and at a definite temperature. 

The application of paint and varnish by the spray gun has become quite 
general in shops and factories where proper ventilating systems have been 
installed. 

Quick-Drying Coatings 


Speed in application having been accomplished, the demand for speed 
in drying became more urgent. Long oil resin varnishes giving durable 
coatings were slow in drying and could be hastened only by drying at 
elevated temperatures, in expensive drying rooms. Ordinary resin spirit 
varnishes, drying by the evaporation of their volatile solvents, dried rapidly 
in the air but the films produced were not durable when exposed to the 
weather. 

Cellulose compounds, and especially nitrocellulose dissolved in suitable 
solvents, have been used as lacquers for about half a century but only in 
small quantities. The esters, alcohols, and ketones required to properly 
dissolve them were rather expensive. Prior to the World War these lacquers 
were used principally in coating leathers, leather substitutes, and in bronz- 
ing liquids. During the war cellulose coatings were extensively used on 
airplane wings, and on top of these coatings ‘‘spar varnish,” a long oil 
resin durable varnish, was employed. ‘The nitrocellulose commonly em- 
ployed in the early lacquers was of such a nature that to obtain a product 
of brushing or spraying consistency only a very small amount of nitro- 
cellulose could be used. ‘To obtain a film of a thickness and luster com- 
parable to other paints and varnishes it was necessary to add oils and resins 
to the solution. Thus even from the beginning nitrocellulose lacquers 
often contained materials other than nitrocellulose and the volatile solvents. 
At the close of the war very large stocks of nitrocellulose and smokeless 
powder were available at a low price. In salvaging this material for in- 
dustrial purposes processes were employed which changed the nature of 
the nitrocellulose so that it became possible to make solutions of much 
greater concentration. It was no longer necessary to add large quantities 
of resin and oil to obtain films of the desired thickness. 

A film of pure nitrocellulose is very combustible and in large masses ex- 
plosively so. Such a film is also rather harsh. Castor oil has long been 
used as a softening agent in the leather finishes. Castor oil is not a true 
solvent for nitrocellulose but in the presence of true solvents is miscible 
with it; the resulting film is softer and the fire hazard much less. 

There are many esters which are good solvents for nitrocellulose. If 
the esters are readily volatile, possess satisfactory odors, and are com- 
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mercially available at suitable prices they are the solvents of the new 
‘acquer industry. If they are non-volatile or nearly so and possess the 
‘ther properties enumerated above they are the softeners or plasticizers 
of this industry. 

The alcohols usually are not solvents of nitrocellulose, but in combination 
with true solvents can be used in very large proportions. Toluol, benzol, 
xylol, and petroleum distillates are not solvents of nitrocellulose, yet certain 
proportions of these can be incorporated with esters, ketones, alcohols, 
ete., in these lacquers. A nitrocellulose lacquer, consisting of nitrocellulose, 
a non-volatile solvent or plasticizer, volatile solvents, volatile diluents, and 





Courtesy of the Pittsburgh Plate Glass Co. 
PAINT “FILLING” 


volatile non-solvents, dries simply by the evaporation of its volatile 
constituents. 

Paints made by using nitrocellulose lacquer as the vehicle, in mixture 
with various pigments, are nitrocellulose lacquer paints. Sometimes they 
are called pigmented lacquers but usually simply “‘lacquers.”’ 

Thus today the term ‘‘lacquer’”’ really means nothing specific, but the 
manufacturers of nitrocellulose, or pyroxylin lacquers and paints, wish it 
to be understood that ‘‘lacquer”’ is a new type of protective and decorative 
coating which can be easily applied, dries quickly, and gives a beautiful 
and durable finish. ‘The excellence of the finish obtained and the economies 
effected by spraying and rapid air drying without the installation of ex- 
pensive equipment have made these lacquers very popular, especially in 
the automobile industry. Although nitrocellulose of itself is very com- 
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bustible the films produced from these lacquers consisting of nitrocellulose, 
plasticizers, pigments, and in some cases fireproofing compounds, resins, and 
oils, are perfectly safe. Cellulose acetate coatings are also safe but have 
not yet come into general use. 

In another way the war has helped in developing this industry. The 
British War Department needed acetone in large quantities in its processes 
for making smokeless powder and cellulose ester coatings for airplanes. 
In a process for making synthetic rubber, butyl alcohol had been required 
in large quantities and much study had been made of the microdérganism 
best fitted to produce this compound from starch. This microérganism, 
clostridium acetobutylicum, converts starch into butanol, acetone, ethanol, 
and other products. Finally, a very virile strain of this microérganism 
was developed and put to work producing acetone in large quantities in 


Courtesy of the Commercial Sotvents Corp. 


CLOSTRIDIUM ACETOBUTYLICUM 


(Magnification about 6000 diameters) 


British countries. Later a plant was established in the United States. 
During the war the plants were operated for acetone. ‘There was no de- 
mand for butanol. 

After the war, as the new “‘lacquer’’ industry grew, a demand for butanol 
and butyl acetate rapidly developed and today a large and flourishing 
industry is based upon the activities of the microérganism which produces 
directly three important solvents. This is not the first and only micro- 
organism working for our industry but its advent into the industrial world 
has been the most spectacular of all. 

During the war there was much talk of camouflage paint and ships 
were often most curiously painted; field equipment resembled trees and 
animals and entire landscapes were changed. But the use of paint as a 
camouflage was nothing new. Primitive man used it as such in attempting 
to make himself appear more ferocious and modern woman uses it to make 
herself more beautiful. During the war enormous quantities of paint 
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were used in protecting field equipment, army hospitals, cantonments, 
etc: 
Paints Widely and Variously Employed 


Volumes might be written in describing the structures, vehicles, imple- 
ments, tools, utensils, toys, and materials to which protective and decora- 
tive coatings are applied. Nearly everything made of wood or iron that we 
see or touch is so protected. That which is not coated soon rusts or cracks 
and crumbles away. 

From the cradle to the grave nearly everything with which we come 
in contact, except our clothing and food, is painted, varnished, or lacquered. 
Even clothing and food are not always exceptions. Our shoes are often 
painted, lacquered, or enamelled; our hats are varnished; and our con- 
fectionery coated with shellac or other resin. 

Our first couch is a pillow in a lacquered basket in a room with hygien- 
ically enamelled walls. Our first toys, blocks, wooden soldiers, bats, balls, 
and dolls are gaily decorated with paints and lacquers. We coast on a 
varnished sled with letters and scrolls of paint. We ride on an enameled 
tricycle or bicycle or in a lacquered automobile. We live in a painted 
house. Arising in the morning from our enamelled couch we step on a 
rug which slips on a varnished floor. We turn a lacquered knob, open a 
stained and varnished door and enter an enamelled bath room, slide back 
a lacquered bolt, turn a lacquered faucet, and, looking into a mirror with 
enamelled frame, proceed to the morning’s ablutions. In the breakfast 
nook we sit on a lacquered chair, eat from painted china resting on a 
varnished table. ‘The trolley car which takes us to our office is painted 
and varnished or our auto is lacquered. Lines designating traffic routes 
are painted on the street. Painted telephone and telegraph poles and guide 
posts are seen along the way. Street signs and license plates are painted 
and varnished or lacquered. 

Wherever we go—office, club, theater, church or home, our lives are made 
brighter, happier, and healthier by the ever-present paint, varnish, and 
lacquer. 

Prepared Paints 


Africa and Asia were first in giving the world paint. Europe improved 
it but it remained for the United States to popularize its use. 

The temples of the Ancients, the cathedrals of Europe, and the art 
treasures gathered together in the museums of the world all give evidence 
of the inspiring and elevating influence of paint upon the mind and char- 
acter of man. ‘The artist, the master painter, has been honored in every 
age although there have been many instances of individuals whose work 
has not been appreciated during their short lifetimes. 

The high born, the rich, and the powerful have always been able to com- 
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mand the services of the artist and to surround themselves with the beauties 
of his art and his handicraft. Not so, however, for those in the humbler 
walks of life. An occasional glimpse into the temple, or cathedral, or 
museum, or at the passing equipage of nobility, was their only contact 
with paint. Today all is changed. ‘The introduction of prepared paints, 
a little more than half a century ago, ushered in a new era. 

No longer was it necessary for the painter’s apprentice to spend the best 
years of his life in laboriously grinding by hand the colors for his master’s 
use. It now became possible for the master to take his apprentice with him 














Courtesy of the National Lead Co. 


A Paint Test FENCE 


and instruct him in the essential details of preparing the surface and then 
applying the priming and subsequent coats of paint. With the emancipa- 
tion of the painter came a great increase in the use of paint. New factories 
sprang up and old ones increased in size and efficiency. ‘Thousands of 
new formulas were developed and specific protective and decorative coat- 
ings were designed for almost every conceivable construction. The 
better organized institutions were constantly testing their products by 
independent practical tests and by keeping records of their customers’ 
reports. 

Nevertheless, there were some coatings that failed miserably and in- 
vestigations were made by State and Federal institutions and some legisla- 
tion followed. ‘This legislation, which was feared at first, ultimately 
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reacted to the benefit of the industry since it quickened the interest of 
the public in the matter of protecting their homes and making them more 
hygienic and beautiful. In the general enlightenment that followed, 
the householder, his wife, and his children soon learned that even a novice 
could produce beautiful results with the improved materials. Never 
before in the history of the world have the habitations of men been so well 
protected from the weather, so attractive in appearance from without, and 
so beautiful and hygienic within, as so many of them are in America today. 


Paint Materials Gathered from Many Sources 


From mountains and hillsides, the forests present their offerings. ‘The 
lacquer or varnish trees of the Orient yield a natural varnish. The walnut 
and tung trees shower us with nuts rich in oil. Gum camphor distils 
from the laurus. The cone-bearing trees of today exude terpenes and 
resins during life, and provide cellulose after death, while those forests 
which existed ages ago have left vast treasures hidden in the earth. From 
the rubber tree the latex flows, and many are the trees and shrubs which 
yield their dyes or offer sustenance to the lac insect, the cochineal, the 
gall fly, and the honey bee. Even those trees which are of little other 
worth provide us with pigment charcoal, methanol, acetone, shingle- 
preservative oils and acetic acid for use in making esters. 

The farmer on the plains grows flax and perilla, sunflower and poppy, 
soy bean and maize that we may have oil; cotton and maize for cellulose ; 
corn, potatoes, and sugar cane for starches and sugars, to be converted into 
lacquer solvents. 

The sea provides menhaden for oil paints, cuttle fish (sepia) for water 
colors, and sponges for the application of paints. Under the waters lie 
amber and asphalt and petroleum. 

From the slime of the bog bright colors emerge, and quarry and mine 
contribute their pigments and ores from which pigments are made. 

In the contemplation of coal and petroleum words fail. From these by 
distillation and synthesis chemists are producing volatile solvents, oils, 
resins, and pigments which can be used in making beautiful and durable 
protective paints, varnishes, and lacquers. 

Thus we have seen that the paint, varnish, and lacquer industry is the 
broadest of all industries. Its demands upon nature have been unceasing 
and she has responded most bountifully. Inspired by the glory of the 
heavens, the grandeur of the mountains, the solemnity of the plains and 
the ceaseless activity of the seas, man has brought to our industry the 
treasures of the earth. 

We have refashioned these and broadcasted them over the world so 
that the perishable structures of man may be ever protected and health, 
beauty, and inspiration may prevail in his humblest habitations. 
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THE CHEMIST AND THE INDUSTRIAL ASSOCIATION 


W. LEE LEWIS, DEPARTMENT OF SCIENTIFIC RESEARCH, INSTITUTE OF AMERICAN MEAT 
PACKERS, CHICAGO, ILLINOIS 


If a patriarch is a person redolent of ancient reminiscences, then it should 
be easy to be patriarchal in these rapidly changing times. There are 
those still living who can recall when shaves were ten cents apiece and a 
man could legally spend the remainder on strong drink. Man is Nature’s 
greatest piece of unfinished business. But his evolution is not at a uni- 
form rate and recently his social and industrial environments have changed 
very rapidly. 

Primitive man pursued his prey. Modern man is pursued by his. ‘This 
applies to food, shelter, and clothing. From every turn of the road, 
every elevated platform, every magazine and newspaper page, he is at- 
tacked by malted prunes, sublimated beans, irradiated codfish, energized 
oats, ferruginous raisins, osculated oranges, and inflammatory soups, all 
eager to find his table. He is entreated, enticed, cajoled, and intimidated. 
Not only is the household kitchen by-passed in this steady and benign 
aggression, but the ancient prerogative of the human stomach, that of 
digestion, is sometimes anticipated in the factory. 

Despite the reputed safety of democracy, every person labors today for 
a larger number of other persons than ever before in the history of the 
world. We call this the high division of labor, the refinement of special- 
ized function in the social organism. Much that was formerly done in 
the home, such as spinning, weaving, and the preparation and storing of 
foods is now done in the factory. Again, we are developing these elabora- 
tions in a world with fairly definite physical limitations. Space has ac- 
quired a new significance. Whatever Einstein may have done to the 
campus, he has not confused the astute realtor. The latter knows that 
his business is still conducted mainly in two dimensions, incapable of indef- 
inite expansion. Compare Mt. Vernon with its own textile plant, its 
laundry, its bakery, and expansive kitchen with a modern apartment. 
There is no longer space for such an elaborate menage. 

The great food industries have profoundly felt these stirring changes. 
The apartment dweller, the light housekeeper, the increase of women in 
business have extended the food manufacturers’ functions. Where 
formerly the household garden and the poultry yard were drawn upon to 
meet social emergencies, today the housewife kills another can. Refriger- 
ation and rapid transportation have eliminated seasons and climates. 
We have ripe figs in Chicago, bananas in Maine, and fresh codfish in Texas. 
The modern table knows no limitations of climate or season. ‘The human 
palate, especially here in America, was never offered so wide a range of 
appetizing possibilities as it is today. We can wear more and costlier 





Vor. 5, No. 7 THE CHEMIST AND THE INDUSTRIAL ASSOCIATION 847 





clothes; we can build bigger and better houses, but we cannot eat indef- 
initely. Nature has placed her own limitation upon this first form of 
consumption. 

There results in the food industries what has been aptly characterized 
as the new competition. ‘The old competition was only among the several 
firms of the same industry; the modern competition is also between great 
unit industries. The one has been acquired, the other not eliminated. 
Lumber is no longer the frincipal building material, coal no longer holds 
the position of supreme caloric, ice has ceased to be the sole refrigerant. 
Cereals, milk, fruits, vegetables, and meat are shouting for a place in the 
dietary. This has brought about a need for concerted action in many 
industries which have felt the additional force of this new competition. 
There has been a progress toward united and enlightened action based 
upon a legitimate self-interest. Collective research, collective advertising, 
collective purchasing, collective education—this is in the main the modern 
trade or industrial association. ‘The development of these associations 
with their Departments of Research, Public Relations, Purchasing, In- 
dustrial Education, et cetera, has ‘been'rapid, especially sinee the war. 
war seems to speed up tendencies already inherent in our growth. 
It is a sort of accelerated test wherein things that make for efficiency 
must be adopted at once. In times of peace we may muddle along, but 
war demands industrial efficiency. In many respects we are today where 
we probably would be in 1950 had there been no World War. Necessity 
and governmental influence gave the trend toward industrial solidarity a 
new impetus. It is logical, therefore, having seen the value of enlightened 
coéperation, that industrial associations should have grownsince that period. 

The organizations render a wide range of service to their members. 
Much of this service calls for chemistry, and, it is the writer’s conviction, 
that this advance toward coéperative endeavor in the major industries 
represents a new and rapidly growing opportunity for the profession. 
The subject will be illustrated from the experience of the Institute of 
American Meat Packers. 

The chemical work of this organization was placed under the Depart- 
ment of Scientific Research which is counseled by a committee of promi- 
nent chemists within the industry. ‘The first objective set was a program 
of research into new scientific and practical problems of common interest 
to all packers, without infringing upon research being done by specific 
companies along individual lines. The first effort, therefore, was to de- 
fine in general terms the types of problems which would be included within 
these conditions. ‘This led to the following classification: 

1. Researches whose results, even if successful, would not compensate 
an individual firm, but which would be a good investment to the entire 
industry when undertaken through the Association ; 
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2. Researches where positive results would compensate the individual 
firm, but which by their nature were not certain of reasonable and early 
solution; 

3. Researches which represent extensions of studies started by firm 
laboratories and which, for the foregoing or other reasons, could be better 
completed through common support; 

4. Researches which opened up new scientific studies for appraisal and 
placement in one or more of the Institute’s scientific connections, such as 
the laboratories of universities or other industrial associations; 

5. Researches which, because of their confidential trade nature or bear- 
ing on public relations, should be done in the Institute’s own laboratories. 

Passing on from the general to the particular, the American meat in- 
dustry sells products and by-products. By-products have found their 
greatest elaboration in the large plants that: maintain very efficient 
laboratories. It is here that the chemist has done his most valuable 
and spectacular work. It seemed wise, therefore, as a general guiding 
principle, to direct studies on major products rather than by-products, 
and accordingly specific problems were defined in the field of meat curing 
and conservation. 

The problem of placement of the laboratory was the next prime con- 
sideration. A number of associations, such as that of the baking industry, 
the canners, and the tanners, maintain their own research laboratories. 
This presupposes a heavy initial outlay. Others avail themselves of the 
splendid facilities of the Mellon Institute and the many excellent com- 
mercial consulting laboratories, while a lesser number work in affiliation 
with colleges and universities. The packers were able to effect a very 
happy arrangement with the University of Chicago wherein. space was 
provided for the ‘‘Research Laboratory of the Institute of American Meat 
Packers, founded by Thomas E. Wilson, at the University of Chicago.” 
This laboratory bears the name of Mr. Wilson because of a gift which 
made possible its initiation. It was possible, consequently, to start re- 
search work in a fully equipped laboratory with library facilities and the 
friendly counsel of other scientific workers. 

The actual studies are being carried out by full-time appointees of the 
Institute, by fellowships maintained by private persons and bearing their 
names, and by Institute Fellowships. 

In addition, it was recognized that many industries in this country, 
which lean heavily upon the science of chemistry, are not adequately 
staffed with chemists. This is especially true of those older industries 
whose foundings antedate the recent rapid developments in science. ‘The 
meat packing industry belongs to this class. In addition to research, 
therefore, it seemed wise to render an analytical and corrective service 
in matters of plant control. It appeared probable that a laboratory 
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specializing in packing house products could attain a helpful and authorita- 
tive position, not only in improved production, but in trade adjustments. 

A second laboratory, therefore, was established separate and apart from 
the Research Laboratory, known as the Service Laboratory, wherein 
analyses are now made for plant control, the results constructively inter- 
preted, and sales samples analyzed. ‘This project has proved highly suc- 
cessful. It does work for members on an economical contractual basis, 
as well as by individual samples. It has become the arbiter in sales be- 
tween packers and brokers. In this manner also a vast amount of dupli- 
cation is avoided in the field of supplies, while correct information is made 
available on various preparations for curing, cleaning, et cetera, offered 
the industry. 

By means of bulletins and lectures at regional meetings, and at: conven- 
tions, a large amount of educational work is carried on; results of re- 
searches and their practical application are cleared to members and the 
best practice of the industry is made available to all. At the request of 
members, plant inspections are frequently made, finished products are 
scored and appraised, and reports rendered upon particular problems in 
individual plants. 

The Department of Scientific Research serves as a source of technical 
counsel to the Institute’s other departments such as Purchasing Practice, 
and to the many committees which clear through the Institute and need 
information within its province. 

In the early part of this article the newer competition was defined. 
Centralized advertising wherein the industry as a whole presents to the 
consuming public the merits of its product, is a logical outgrowth of that 
competition. Methods of advertising, like many other things in this 
rapidly developing country, are undergoing evolution. ‘The standard of 
today is the truthful and scientific presentation of merit without minimiz- 
ing the competitive article. At one time, not long since, the calorie ap- 
peared frequently in food advertisements. More recently, the vitamin 
has been given a somewhat over-emphasized position. ‘The Institute of 
American Meat Packers maintains a Department of Nutrition whose 
counsel guides the scientific aspects of its advertising program. 

In general terms, the Department of Scientific Research serves as a 
scientific point of contact with similar agencies of the government with the 
ccmparable departments of other associations, and with related research 
in progress in educational institutions. 

There is no more inspiring picture before the chemist than the oppor- 
tunity for codperation offered the technical departments of industrial 
associations having common fields of interest. ‘There is thus pyramided 
an exchange of ideas and research results which benefit both associations 
and are multiplied many-fold down through their respective memberships. 
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For example, tanners of hides use one of the principal by-products of the 
meat packing industry. From the first, the Department of Scientific 
Research of the Institute has coéperated closely with the research labora- 
tory of the Tanners’ Council, and many experiments have been conducted, 
both in the laboratories and in the plants, looking to better methods of 
curing and conserving hides. 

The Research Laboratory of the Industrial Association has a stability 
and continuity which comes from spreading broadly the cost of support. 
Under these auspices, scientific research does not suffer economic uncer- 
tainties and vicissitudes. In this country association research is a com- 
paratively new development. No academic cloak of abstract research 
and professional aloofness will bring it success. It calls for interpretative 
and educational service, for patience and sympathy with many diverse 
interests and viewpoints but because the plan. is structurally sound, it is 
destined to grow. 


College Students Keep Diaries for Educators. The popular picture of a college 
student busily burning the midnight electricity for study or amusement is greatly ex- 
aggerated} judging by diaries kept. by 100: students at.the University of Idaho. 

During one week the students kept scientifically ,precise records of their activities 


all around the clock. The diaries were analyzed by Prof. C. C. Crawford, of the de- 
partment of education, and Alfred G. Goldsmith. 

The students averaged eight hours and 20 minutes sleep a night. Women students 
put in 55 minutes a day ‘‘just talking.’’ The men spent only 40. Personal activities, 
such as dressing and self-beautification, took up an hour of the average man’s time. 
The woman spent an hour and three-quarters on personal up-keep. 

University men, on the other hand, spent almost three hours a day on amusement, 
35 minutes more than the women students. The average student put in more than 
an eight-hour day in study and classes for the usual five-day school week. 

The average student’s life, as pictured in the diaries, is a normal one and holds 
little that is startling, the investigators state.—Science Service 

Food Important ‘‘Medicine’”’ for Mental Patients. Good food and plenty of it is real 
medicine for patients suffering from mental and nervous diseases, according to Dr. 
David H. Keller, medical director of the Central Louisiana State Hospital. Dr. Keller, 
speaking before the American Psychiatric Association, described an unusual method of 
feeding the mentally sick which has been tested and proved remarkably effective. 

Patients in the Louisiana hospital are fed three generous sized, nourishing meals a 
day, chiefly rice, sweet potatoes, cane sirup, corn, and other products of the big hospital 
farm. Every patient is weighed each month, and if he is underweight he gets an extra 
meal a day, under the direction of the ward physician. 

Patients suffering from chronic pellagra get still more attention, with doses of 
fresh fruit, lemonade, milk, eggs, and oatmeal. Some of the violent patients, whose 
activity burns up so much energy that it seems impossible to keep them properly nour- 
ished, are fed as often as seven times a day, Dr. Keller reported. 

The death rate at the hospital is very low, Dr. Keller said, and this is attributed 
largely to the food program which the hospital superintendent, Dr. John N. Thomas, 
has directed. Good physical condition leads to mental recovery in many cases, and 
hastens the recovery of others, Dr. Keller said.— Science Service 
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THE ELEMENTARY CHEMISTRY COURSES AT PRINCETON 


GREGG DOUGHERTY, PRINCETON UNIVERSITY, PRINCETON, NEW JERSEY 


During the last few years the pedagogical methods used in our schools 
ind colleges have been examined more critically than ever before, both 
»y educators and by the public generally. As a result many institutions 
have made radical changes in educational procedure. Some of the inno- 
vations showed their worth almost at once, while others are still in a highly 
experimental stage. It is interesting to note that most of the changes 
ave had to do with decreasing the size of the teaching unit; or with the 
development of a plan involving a great deal of independent work on the 
part of the student, under the direction of an instructor who has made it 
his business to learn that particular student’s needs and ability. It looks 
as though the ideal which we are approaching, but probably will never 
reach because of the expense involved, is a teaching unit consisting of one 
student and one instructor; or what amounts to the same thing, a separate 
course for each student. 

This year the Chemistry Department at Princeton has had in operation 
for the first time a plan of instruction for the freshmen which has several 
interesting aspects and which apparently is a new approach to the ideal 
mentioned above. Most institutions have one course in elementary chem- 
istry. Princeton for some years has offered two courses, and this year 
the number was increased to five. The student may elect one or another 
of these depending on his previous training in preparatory school, his 
ability, and his purpose in studying chemistry. ‘The plan may be explained 
most simply by describing the courses in some detail and indicating the 
methods of instruction and the class of students for whom each course 
was designed. 

Course I is open to all freshmen who have had no previous training in 
chemistry. There is no requiren ent as to ability as shown by secondary 
school records, but in general those. who enroll have more than a passing 
interest in chemistry and have considered going on with chemistry or 
some allied science. ‘The instruction consists of two experimental lec- 
tures on the elements and their compounds, one class period and one 
(three hour) laboratory period per week. For the class period the class 
is divided into groups of about fifteen men each. During this hour, the 
instructor encourages questions having to do with the subject matter of 
the lectures and the laboratory work, he occasionally holds short quizzes, 
helps the men with problems, advises about outside reading and in general 

ttempts to round out the course in any way possible. 

Course II was offered to men who wished to include some chemistry in 

ieir educational program but who were interested mainly in the cultural 
value of the subject. It was felt that such men frequently hesitated to 
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elect the general courses because the laboratory work meant giving a dis- 
proportionate amount of time to a minor interest, and the great mass of 
technical detail obscured for them the essentials of the science. Labora- 
tory work is omitted in this course and instruction is given by means of 
experimental lectures and class work which is supplemented by outside 
reading. Occasionally the professor in charge of the course invites ex- 
perts in special fields to lecture to the class on some phase of their subject 
which is important to a general understanding of chemical science. ‘The 
lecturers may be members of the department of chemistry, they may be 
members of some other department of the university, or they may come 
from some other institution. ‘The course is less techriical than No. I; 
stress is put on the historical development of chemistry, the contributions 
which it has made to the progress of our civilization, and to its general 
relation to other branches of knowledge. It does not satisfy the pre- 
requisite in general chemistry for the advanced courses, and is only open 
to men who have not offered chemistry for entrance. 

Courses III and IV are alike in that the ground covered in the lectures 
is identical—the elements and their compounds and the fundamental laws 
and theories of chemistry—and they are open only to men who have passed 
chemistry for entrance. There is no requirement as to ability as shown 
by secondary school records. The object here is to provide a means 
whereby men with previous training can progress more rapidly than the 
beginning students and where it is possible to avoid repetition of the ma- 
terial covered in the preparatory school work. Courses III and IV differ 
in the amount and nature of the laboratory work: in III one three-hour 
period per week is required, which includes experiments on the chemistry 
of the metals and an introduction to qualitative analysis. No. IV in- 
cludes two laboratory periods and the work is largely qualitative analysis. 
No. III is chosen by men who may or may not go on with chemistry, and 
to whom the extra laboratory work does not appeal either on account of 
lack of interest or lack of time. No. IV as a rule will be elected by men 
who intend to specialize in chemistry. Credit is given for qualitative 
analysis and those who receive high marks are allowed to elect organic 
chemistry in sophomore year. 

Course No. V is offered by special invitation to exceptionally good 
students and who have had previous training in preparatory school. It 
is presumed that the men have a special interest in chemistry and particu- 
larly in the purely scientific aspects of the subject. Theory is stressed in 
the lectures rather than purely descriptive matter, and in the laboratory 
(2 three-hour periods per week) the student is encouraged to develop inter: 
ests of his own and to do as much as he can assimilate. Qualitative analy- 
sis is covered rather thoroughly, and those who complete the requirements 
of the course are permitted to elect organic chemistry in the sophomore 
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ear. If, during the term, a man does not live up to the rather high 
tandards which are set in this course, he is dropped back to No. IV. 

Although this five-course plan is far removed from a system in which the 
adividual needs of each student are studied and perfectly provided for, 
it is hoped and believed that every freshman, after consultation with his 
aculty advisor, will find that one of the courses is far better suited to his 
yurpose and ability than any of the others. Since the complete plan has 
been in operation for part of a term only, it is impossible at present to 
make an estimate of its worth. Course V, however, was offered in 1926-27 
and was elected by about fifteen freshmen. Most of these men are now 
taking the regular junior courses in organic and physical chemistry, and 
the results to date have been most gratifying. In fact these exceptional 
students have clearly demonstrated their ability to complete in one year 
the work ordinarily required in two years of college chemistry. 


Ultraviolet Rays Aid Anemia Cure. The hard-worked liver diet is to have an 
issistant in curing patients of pernicious anemia. Ultraviolet rays which have been 
used both with and without the liver have caused a marked improvement in the condi- 
tion of these patients, Dr. David I. Macht of Baltimore reported to the American Medical 
Association at Minneapolis recently. An increase in hemoglobin and number of red 
blood cells resulted from the use of these rays. The toxic effect of the blood serum, which 
is believed to be a causative factor in this disease, decreased.— Science Service 

Liver Diet for Anemia Spreads Rapidly. The liver treatment for pernicious 
anemia recently developed in America has given great success in the hands of British 
physicians. 

Drs. Stanley Davidson, J. G. McCrie, and G. Lovell Gulland, of Edinburgh, have 
announced through the medical journal, Lancet, that in their experience the feeding of 
liver and liver extract has helped anemia patients more promptly and regularly than 
any former method. 

“The most important point,’ they declare in their report, ‘‘is that recovery is 
more complete. Formerly, one had too often to be content with a count of about 
3,500,000 red blood corpuscles (per cubic millimeter); now an extra million or more 
may be confidently expected; the whole blood picture returns to normal with much 
greater frequency and certainty, and apparently remains so indefinitely, so long as the 
treatment is persevered with.” 

The benefits of a liver diet for pernicious anemia were put before the medical world 
about two years ago by Drs. G. R. Minot and W. P. Murphy of Boston, Mass. The 
inethod has sprung into widespread use with the result that calves’ liver now retails in 
the United States for ninety cents a pound. 

Half a pound of liver daily, however, is for many patients a gustatory impossi- 
bility. Many acquire a distaste for it that cannot be overcome even to recover from a 
hitherto incurable disease. ‘To surmount this difficulty, Dr. E. J. Cohn and a group of 
collaborators at Harvard University have endeavored to isolate the active principle 
in liver in a liver extract. Five to fifteen grams of this concentrated form is equal to 
200 grams or approximately 6 ounces of whole liver and produces corresponding effects. 
Liver extracts from the United States, Germany, and Great Britain are now on the mar- 
ket and give about equally good results. Since the extracts are soluble in water a single 
dose, equivalent to nearly 30 ounces of whole liver, can be given to a patient too weak 
to take solid food.— Science Service 
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NEW-TYPE TESTS VERSUS OLD-TYPE TESTS: A COMPARISON 


KENNETH D. Dopps, BELLEVUE, PENNSYLVANIA 


Many readers of THis JouRNAL were undoubtedly pleased to learn, 
from papers and comments, in recent issues,! that the question of testing 
is not a closed book, completed and laid away for all time. Much has been 
written, and much more said, pro and con, by adherents of each camp, 
but there seem to be a few points, which, although almost self-evident, 
have not yet been touched. 

To begin: one of the arguments most frequently advanced against the old- 
fashioned test is that comparable scores are not always obtained by differ- 
ent observers. ‘The literature of standard testing, on this point, seems to 
indicate that the pioneer investigators of testing methods thought that 
they had made a discovery when they ran into this situation; whereas, 
on the contrary, chemists, physicists, and artillerists (to mention only a 
few lines of endeavor) have long known that different operators, more 
frequently than not, fail to obtain identical results even though they 
follow precisely the same methods. Those who have been trained in 
science, rather than in “‘education,’’ do not therefore regard this state of 
affairs as an indication of faulty method. In fact, “it is one of the most 


embarrassing things we can meet, when experimental results agree too 


closely.’’? 

Again, standardized tests are claimed to be superior to tests of the older 
type, in that they are more easily scored and, moreover, scored on a logical 
basis; but their proponents cannot claim a monopoly of these features, at 
least so far as chemistry is concerned. Leaving essays out of considera- 
tion, since they are not tests, users of the so-called old-type test have yet 
to be convinced that anything could be more easily, accurately, or justly 
scored than, for instance, a group of equations, or a numerical chemical 
problem, of individual manufacture. 

Further, a test can be devised to serve any purpose; for example, to diag- 
nose difficulties, to check up on progress, accomplishment, or what not: 
but whether the test is constructed by an individual teacher, and written 
on the board or by some one farther removed from the classroom, printed 
by the bale, and called a standardized test, seems to be beside the point. 
Standard tests may indeed serve any of the above-mentioned purposes 
admirably (although not to the exclusion of any other kind of test), and 
yield reliable information, provided that their norms are established from 
the results of thousands of applications to unselected groups; but there is 
no guarantee—in fact, according to established mathematics,’ considerab!e 

1 THis JOURNAL, 4, 1414-7 (Nov., 1927); Ibid., 4, 1418-23 (Nov., 1927), Ibid., 
4, 1459 (Dec., 1927). 

2 Mellor, ‘‘Higher Mathematics,’’ Longmans, Green & Co., New York, 1919, p. 510. 

3 Mellor, loc. cit., p. 504. 
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doubt—that safe conclusions can be drawn from the results obtained, when 
the same tests are given to small groups. No chemist would care to be 
credited with the idea that a shovel of coal has the same analysis as the 
carload from which it was taken. 

Advocates of standard tests could frequently be charged with stacking 
the cards, by throwing out all measurements, which do not fit their pre- 
viously conceived ideas, for many of them give these tests with the firm 
conviction that the distribution of scores will be normal, and indeed must 
be, without regard to the number of cases; and attempt to explain away, 
or even jettison, scores which fail to fall on the normal curve (low ones, 
in most cases). Conformity to the normal frequency curve cannot safely 
be taken as an infallible indication of accuracy, nor does non-conformity 
constitute irrefutable evidence that something is wrong—with presumably 
everything but the test.‘ Field artillery firing is a highly developed art, 
based on experience, the theory of probabilities, and the normal frequency 
curve. The commander of a battery may know that, in a great number 
of shots, the overs and shorts, and rights and lefts, will approximate the 
ideal curve, but there is, unfortunately, no rule by which he can determine 
the exact spots on which his next salvo will burst. He must take his vari- 
ables as they come. 

Tests of the completion type, true or false, yes or no, and others of like 
nature, are particularly objectionable to those teachers whose primary 
object is to guide their pupils to the acquisition of some chemical knowledge, 
because, as has often been stated, these tests seem to be yard sticks for 
the measurement of memory, rather than of genuine understanding. 
Probably every teacher, of any experience, has had pupils who can repeat 
paragraphs describing the properties of a substance, but cannot utilize the 
information, for instance, in the laboratory; who can reproduce an equa- 
tion, but cannot write one when put on their own resources; who can 
state the law of rrass action, but cannot predict a shift in equilibrium. 
These pupils would score high on a new-type test, covering these points, 
but there can be no question that their knowledge is superficial. 

In regard to guessing, the common expedient of a double penalty on 
incorrect answers is undoubtedly somewhat of a curb, but is, nevertheless, 
open to a few objections. In the first place, the assumption that, of any 
number of guesses, half will be correct and half incorrect is true only 
when a great number of guesses are taken.’ On a limited number of 
questions, the chances of beating the game must be as good as those of 
losing. In this connection, penalizing a bad guess will not assist a pupil 
in understanding chemistry, but may serve as an incentive to a little 
honest effort—or to a great deal of memorizing. Second, no method 


4 Mellor, loc. cit., p. 515, 
5 Mellor, loc. cit., p. 504. 
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known at present, enables the scorer to recognize a winning guess in a 
correct response, or to know that an incorrect one is not a slip. On the 
other hand, it is difficult to imagine that guessing would avail much in 
writing a list of equations, or in finding the percentage composition of a 
number of compounds from formulas or analyses. 

Old-type tests are said by their opponents to be not only unamenable to 
comparable scoring, but also liable to be too easy or too difficult. Such, 
it must be admitted, is often the case, and hence in a series of tests—such 
as a teacher would give in the course of a semester, or of a year, for in- 
stance—faulty appraisals, arising in this way would cancel each other, as 
positive and negative errors have a habit of doing. This feature cannot 
be claimed for those tests wherein double penalties are assessed, without 
admitting that some correct answers are guesses, and the reverse. 

The numerical chemical problem has been attacked on all sides, but is 
still a favorite with those who adhere to old styles in testing. Whether the 
ability to solve a problem is rightly regarded as being of more importance 
than correct answers to a score of questions on minute details may be de- 
batable, on academic grounds, but we fancy that a prospective employer 
would have no difficulty in choosing between the two qualifications. Ob- 
jectors to problems seem to have overlooked the fact that they possess 
many of the advantages claimed for their own methods, not the least of 
which is the diagnostic value. ‘To solve a problem, the pupil must have, 
ordinarily: knowledge of the properties of the materials involved, ability 
to write equations, command of laws stating quantitative relationships, 
and ability to perform the operations of arithmetic and elementary algebra. 
These items of necessary mental equipment mean, of course, that a prob- 
lem is composed of several elements, of perhaps unequal difficulty, in the 
scoring of which the advocates of new-type tests would charge the entrance 
of personal opinion as to relative weights, with inevitable error and dis- 
agreement. ‘These charges must be admitted, but they do not necessarily 
constitute an unanswerable indictment against this means of finding out 
what a pupil knows, for at least two reasons. First, since the subject 
being tested is chemistry, and not arithmetic, algebra, or English (which 
equipment the pupil is supposed to have already), it seems perfectly proper 
to assign greatest weight to the chemical phases of the problem. The 
distinction between chemical and non-chemical aspects is not so difficult 
a matter, once one recognizes that much that is chemistry sometimes 
appears in other dress: for example, an equation for Boyle’s Law is a 
mathematical statement of a chemical (or physical) fact, and hence, if 
written as an inverse proportion, is mathematically correct, but chemically 
grotesque. When the question of personal judgment arises, adherents of 
old-type tests believe that the elements of a problem cannot be arranged, 
in order of their difficulty, with the exactness of the electromotive series, 
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even by aid of “educational” methods, norms, or otherwise; and they, 
therefore, feel safer in their own estimates, as chemists, than in those of 
someone whose specialty is test making, or anything other than chemistry. 

On the whole, those who find the old method of testing still serviceable, 
regard the standard test more as an instrument for obtaining agreement 
among scorers than as a superior testing device. Regardless of the ob- 
jections advanced against standardized tests, the efforts of those who are 
attempting to improve existing methods of testing, by application of 
psychological principles, and otherwise, should not be hastily condemned; 
for it must be remembered that the educational psychologists are working 
in a comparatively new field without the advantages of a rich heritage of 
experience and accumulated facts, such as that enjoyed by the scientists. 
However, the advocates of new methods often invite bitter criticism,® 
when they heap contumely on time-tried and proved procedures; when 
they adhere, apparently blindly, to the curve of normal distribution; 
and when they draw sometimes debatable conclusions from perhaps fault- 
ily gathered statistics. 

While it is questionable whether any form of test, new or old, can be 
made foolproof and free from chemical, psychological, or other faults, 
it is certain that neither newness nor oldness are in themselves criteria 
by which to establish the worth, or worthlessness, of a method. ‘There 
are teachers who prefer old-type tests, yet to whom the new styles are 
not wholly bad; and there are likewise others who are convinced that 
new-type tests are superior, but to whom the old are not anathema. 
After all, there is not much reason for dispute, between supporters of the 
two methods, for each is at liberty to go his own way, rejoicing that he 
will probably get there as soon as the other fellow. The bail of a bucket 
is neither longer nor shorter, when horizontal than when vertical, and the 
same ends are reached by either route. 

6 Cf. Bernard DeVoto, Harper’s Magazine, Jan., 1928, p. 182. 


Electrons Leave in Great Hurry. Less than a three-billionth of a second is all the 
time that it takes an electron to be knocked out of a film of potassium metal when 
light strikes it in a photoelectric cell—the device that has made television and radio 
photographs possible. At the recent meeting of the American Physical Society Dr. 
Ernest O. Lawrence and Dr. J. W. Beams, of Yale University, told of their studies of 
the length of time required for this ‘photoelectric effect.” 

In the photoelectric cell there is a film of potassium, and another electrode. When 
light strikes the film the electrons traveling from the film to the other electrode cause. a 
minute electric current, which can be amplified by means of vacuum tubes. In this 
way a current of any desired magnitude but one which varies with the illumination of 
the cell can be obtained. Because the response of the cell is practically instantaneous, 
it can be used in television and wire and radio photographic service.—Science Service 
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THE PRINCIPLE OF THE CHEMICAL PROBLEM 
Paut V. McKINNEY, THE COLLEGE OF WOOSTER, WOOSTER, OHIO 


Problems based upon the chemical equation often cause high-school 
and college students greater difficulty than their complexity warrants. 
Confused by the yet unfamiliar chemical formula they neglect to master 
the mathematical principle. During several years of teaching the prin- 
ciple of the proportion after the manner 
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it was discovered that mathematicians advised considering it as an equality 
of two ratios, which it is generically. ‘Then all composition and division 
of proportion were to be discarded and the expression solved as an equality 
of two fractions. Finally, it was taught that the establishment of a single 
ratio was all that was necessary in any given problem. ‘Two years’ experi- 
ence has proved the value of this method. 

The establishment of a ratio which has a definite physical significance 
is then of fundamental importance. A familiar example is that of density, 
which is the ratio of mass to volume (M/V). In a comparison of two 
objects of the same material, since their densities are equal, the ratios of 
their respective mass and volume are equal, M,/V; = Me2/V2. The 
principle of proportion would allow the statement of the ratio in the fol- 
lowing manner: M,/M2 = V;/Ve2. The last two ratios M,/M2z and V;/V:2 do 
not have a physical existence and have no constant value. ‘They are 
confusing, for the fact that they are equal is not immediately observable, 
but is rather a matter of induction. 

The chemical problem as well involves one fundamental ratio only, 
a ratio whose value is definite and constant irrespective of the units in 
which it is expressed, providing in a given case that both terms are in the 
same unit. Consider the chemical reaction expressed in the equation, 


CuO + H. — Cu + HO. 


It is desired to know the theoretical amount of water produced by the 
reduction of 5 grams of CuO. ‘The fundamental ratio is that of the amount 
of water to the amount of the oxide reduced, baie al ‘The numerical 
wt. CuO 
value of this ratio may be determined once for all problems from the 
atomic weight table, for these weights themselves have been determined 
mol. wt. H:O 
mol. wt. CuO 


factor). In this particular problem the ratio is +¢ 3) eee con- 
5 g. CuO reduced 


stant. ‘The constants are certainly the same (law of definite composition). 
° 


by the use of this very principle, = constant (chemical 
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‘Therefore, since the two fractions express an identical ratio (the one known 
molecular values, the other from this specific problem) they are equal. 


Mol. wt.H20 — x g. H,O formed 


Mol. wt. CuO 5 g. CuO reduced 





The value of this ratio has a chemical significance and is the ‘‘chemical 
factor” of quantitative analysis whose value is listed in tables in hand- 
books of chemistry. Any term of the chemical equation has just such a 
relation to every other component used or obtained in the reaction. 

In the chemical problem also one may choose a second method of com- 
wt. CuO used 
mol. wt. CuO 
mole quantities of CuO entering into the reaction. And since by the 
equation the number of mole quantities of HO produced are the same, 


then 


parison, 2. é., The quotient is numerically the number of 


wt. CuO used 


wt. H.O produced 
mol. wt. CuO mol. wt. HO ~ 
This method is confusing for it will give a different value for every new 
amount of CuO used and furthermore it has no commonly used meaning 
if the calculations involve such other units of weight as tons, ete. Of 
course, one may postulate a ton-mole as well as the gram-mole if one de- 
sires and ton-molecular-weights instead of gram-molecular-weights. Per- 
haps it might be illuminating to the student to do so. This ratio, since 
it does give the number of mole quantities, when multiplied by 22.4 will 
give the volume in liters of any term if the weight is expressed in grams 
and the substance is a gas. 

An example will illustrate the simplicity of this method of calculation. 
In the decomposition of potassium chlorate 


2KCIO3; —> 2KCl + 302 


it is desired to know the theoretical amount of oxygen produced from 2 
grams of the salt. It is evident that oxygen has been formed from the 
mol. wt. 302 
mol. wt. 2KCIO; 

x g. Oxygen mol. wt. 302 


been produced in the ratio, —— . Therefore, 
2 g. Chlorate mol. wt. 2KCIO; 


x g. oxygen produced 





decomposition in the ratio, , and in actual weight it has 








2 g. chlorate used 
In such problems there is no more pernicious habit among students than 
that of writing numbers without any designation of their character. An 
abstract number, without the name of its kind of unit or what it is the 
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measure of, is valueless. Only in theoretical mathematics can abstract 
numbers have any excuse for existence. 

Emphasis is placed upon the necessity of establishing simple ratios 
which have a definite chemical meaning in working problems based upon 
the chemical equation. 


Library of Congress Gets Rare Science Book. One of the rarest of books on 
science—the first edition of Sir Isaac Newton’s ‘‘Principia,’’ has now been secured by 
the Library of Congress, after years of search. Though only an inch and a half thick 
and ten inches high by seven and a half inches wide, with 510 pages, it has been termed 
“the most important printed work on exact science ever published.’”’ It was published 
in 1687 in London, and in it Newton first gave to the world the results of his fundamental 
study of the laws of gravitation. 

Two issues of the first edition were made in the year of its publication, one being 
intended for sale in England, and the other on the continent. ‘The Library of Congress 
copy is of the first issue. However, the entire edition was small and it is related by con- 
temporary writers that as soon as 1691 it was very difficult to obtain. At present it is 
almost completely unprocurable. The Library’s copy was purchased for Watson Davis, 
managing editor of Science Service, but upon learning of their desire for a copy, he 
relinquished it in their favor. 

The full title of the book, in Latin, is Philosophiae Naturalis Principia Mathe- 
matica. An interesting feature of the title page is that it bears the Imprimatur, or 
approval, of Samuel Pepys, famous for his diary, who was at that time president of the 
Royal Society.— Science Service 

Wear Silk or Wool to Avoid Sunburn. Girls who wish to keep their skin lily white 
and free from sunburn this summer will do well to wear silk or woolen clothing as pro- 
tection from the sun’s rays. On the other hand, mothers who want their children to get 
as much of the beneficial ultraviolet rays as possible should keep the children in cotton 
or linen clothes. 

These four textiles were tested by scientists working at the Kansas State Agri- 
cultural College who found that while the protection from sunburn depends primarily 
on the looseness of the weave, the vegetable fibers, cotton and linen, transmit some of 
the rays that cause sunburn and tanning, while the animal fibers, silk and wool, absorb 
more of these rays and thus offer greater protection against them.— Science Service 

Working as College Course Popular Education Method. Working in an industry 
while studying engineering is becoming a popular method of higher education in America, 
Prof. W. H. Timbie, of the Massachusetts Institute of Technology, told the National 
Education Association recently. 

“Although Dean Herman Schneider introduced the coéperative plan into America 
at the University of Cincinnati over twenty years ago, the great possibilities of the plan 
are just beginning to be sensed by the colleges and the industries of the country,” he 
said. Already eighteen engineering schools are operating coéperative courses, with 
over five thousand coédperating pupils enrolled. The result is that the theoretical in- 
struction at college has been vitalized by the fact that the student knows at first hand 
just how the theories that he is learning are made use of in the engineering field. 

“Industry also appreciates the better training which the codperative students 
receive, as is evidenced by a study of the positions held by graduates of the codperative 
courses in electrical engineering at the Massachusetts Institute of Technology. This 
study shows that the average salary of these graduates increases at a rate fifty-five 
per cent faster than that of the average engineering graduate of the country.’’—Science 
Service 





Vou. 5, No. 7 THE HicH-ScHooL CHEMISTRY LIBRARY 





THF HIGH-SCHOOL CHEMISTRY LIBRARY 
(A Neglected Teaching Tool) 


B. CLIFFORD HENDRICKS, UNIVERSITY OF NEBRASKA, LINCOLN 


A recent investigation! reports that 1863 high schools in 28 states 
average only $40.00 per year per school for books and magazines for 
chemistry. Another survey” shows that 32% of Nebraska’s high schools 
make no provision for either library books or magazines on chemistry. 
These schools report an average science library of but 50 books and 3% of 
these high schools report no science books whatever in their libraries. 

Are There Science Books in High-School Libraries?—A study,’ 
made in 1920, revealed that in the year 1913-14 the smaller high schools, 
with 201 to 300 students, had a median of 10 chemistry reference books 
per school while similar-sized schools in 1919-20 had 40 books per school 
for chemistry. It says: “The reports . . . show that the great majority 
(over 70% in the median library) of the references in the library are listed 
under English and history.” 

The Prize Essay Committee’ of the American Chemical Society, through 
the generosity of the Chemical Foundation, sent out its five-book set to 
11,495 schools, in 1923-24 and obtained records showing that 79,239 
students read some of those books on chemistry. ‘The secondary school 
population of the U. S. in 1924° was 3,741,087 and in 1922, reports® indi- 
cate that 7.4% of these secondary students registered in chemistry. So 
it is safe to estimate there were 276,840 high-school chemistry students for 
the year 1924. ‘Thus the readers of the five-book sets were less than 30% 
of the chemistry enrolment of our country and but a trifle over 2% of our 
entire high-school population. 

High-School Pupils Do Not Read.—An examination of twelve widely 
used high-school chemistry textbooks shows that but six give any sort of a 
list of desirable chemistry books for the high-school library and that but 
four of the twelve even hint in the text’s body that there is any chemistry 
beyond its cover. 

Curtis,’ in ““The Use of Extensive Reading by Students in General 
Science,” for a group of 84 selected high schools says, “‘Extra-text readings 

1 Committee on Chemical Education of the A. C. S., Tuts JourNAL, 4, 911-3 
(July, 1927). 

2 B. Clifford Hendricks and John S. Chambers, “Chemistry Teaching in Nebraska.” 
(Unpublished paper, 1927). 

3 E.R. Glenn, Sch. Sci. & Math., 21, 217-39 (1921). 

4H. E. Howe, Tuts JouRNAL, 2, 3-11 (Jan., 1925). 

5 John J. Tigert, “Education in the United States of America,’ pamphlet, 
Bur. Educ., p. 34, 1927. 


6 Bur. Educ. Bull., No. 7, p. 46, 1924. 
7F. D. Curtis, Teachers College Contributions to Education, No. 163, p. 9 (1924). 
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are required in 50% of the high schools (but) extensive reading does not 
exist as a course requirement.” 

Committee G reports* to the American Association of University Pro- 
fessors that ““There is marked dissatisfaction both with the amount and 
quality of voluntary reading done by the college student.” 

In other words, here is evidence that we, as teachers of chemistry, are 
neglecting the improvement of the science department of our high-school 
libraries and are failing to cultivate the use of it by our chemistry students. 

What to Do.—Put in another way, there are at least three needs ap- 
parent: More good books on chemistry and other sciences should be placed 
in the high-school libraries. Teachers need to be won to the value of ex- 
tensive pupil-reading of books on chemistry. High-school pupils must be 
aroused to the satisfaction they are missing when they fail to read widely. 

How to get books for the library has been well discussed by others.’ 
How many to get for any particular school library has also been considered.* 
Many general lists are in circulation for science libraries. Such lists are 
found in the following: 

F. D. Curtis, Columbia Contributions to Education, No. 163, 106-9 (1924). 


Earl R. Glenn, General Science Quarterly, 3, 1-10 (1918). 

Pieper and Beauchamp, ‘“‘Everyday Problems in Science,’ Scott Foresman, pp. 
513-73, 1925. 

Hanor A. Webb, Peabody Journal of Education, 3, 85-119 (1925); 3, 340-7 (1926); 
4, 351-8 (1927). 

John Lester, “‘Readings in Science,’’ Houghton-Mifflin, 181-2, 1925. 

W. H. Cunningham, ‘“‘Adventures in Science,’’ Ginn & Co., 219-21, 1926. 

W. G. Smeaton, University of Michigan Extension Division Bulletin, Vol. 27, No. 
17 (1925). 

Zaidee Brown, Standard Catalog of High School Libraries, 1926. 

Morris Meister, Monthly Guide for Science Teachers, 1, No. 16, p. 6 (1921). 


Likewise the following, among others, present suggestions for high- 
school chemistry libraries: 
B. W. Peet, Sch. Sci. & Math., 6, 462-8 (1906). 
Neil Gordon, School Review, 27, 645-8 (1919). 
E. E. Slosson, “Creative Chemistry,’’ Century, 297-308, 1919. 
J. O. Frank, ‘Teaching First-Year Chemistry,’’ Oskosh, Wis., 58-9, 1924. 
J. H. Walton, Sch. Sci. & Math., 25, 390-4 (1925). 
‘Nebraska High-School Manual,’’ University of Nebraska, Lincoln, pp. 47-9, 


1926. 


Why Extensive Reading?—As may be implied in a foregoing para- 
graph, the present paper is largely concerned with that part of the library 
variously described as “‘popular,”’ ‘““‘humanized,”’ “interesting,” and “‘pleas- 
ant reading.” It is the thought that such books might lead chemistry 
students to read widely. 


8 Committee G, Bull. Amer. Assoc. Univ. Profs., 10, 111 (1924). 
9 Grace M. Harper, Sch. Sci. & Math., 23, 40-7 (1923). 
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Curtis!® found: ‘Extensive reading of scientific literature: served to 
increase individual achievement in general science; . . stimulated the 
desire . . to proceed further with the study of science; . . contributed to 
scientific attitudes.’’ Let us hope it would do as much for chemistry 
students. And may we also assume that extensive reading will ‘‘carry 
over”’ for that larger per cent of our high-school chemistry pupils who will 
never have further course work in that science? Some one has said that 
they, and the many students who never take even high-school chemistry, 
are to form the great body of consumers rather than producers in chemistry. 
If extensive reading trains them to be appreciative consumers, is not such 
reading justified? 

What Are Some Readable Chemistry Books?—Certainly in fifteen 
lists of science books there ought to be some which are ‘‘humanized”’ and 
“interesting.’”’ Would not the number of lists in which a given book 
appears tell something of its acceptability? A canvass of twelve of the 
fifteen lists given above was made. ‘The outcome of this survey, with the 
number, at the right, indicating the frequency of each title’s appearance 
in the twelve lists, is submitted for what it may be worth: 


* E. E. Slosson, ‘‘Creative Chemistry’”’ (Century), 9. 

Geoffry Martin, ‘‘Modern Chemistry and Its Wonders” (Van Nostrand), 8. 

R. K. Duncan, ‘‘Chemistry of Commerce”’ (Harper), 7. 

F. P. Venable, ‘‘Short History of Chemistry”? (Heath), 6. 

* J. C. Philip, ““Romance of Modern Chemistry”’ (Lippincott), 6. 

Geoffry Martin, ‘“Triumphs and Wonders of Modern Chemistry”’ (Van Nostrand), 6. 

Ellwood Hendrick, ‘‘Everyman’s Chemistry’? (Harper) 6. 

* René Vallery-Radot, ‘“The Life of Pasteur’? (Doubleday), 5. 

* Otis Caldwell and E. E. Slosson, “‘Science Remaking the World’”’ (Doubleday), 5. 

W. A. Tilden, ‘Chemical Discovery and Invention in the Twentieth Century” 
(Dutton), 5. 

P. K. Duncan, “Some Chemical Problems of Today” (Harper), 5. 

R. B. Brownlee and others, ““Chemistry of Common Things’’ (Allyn & Bacon), 5. 

Sir T. E. Thorpe, “History of Chemistry” (2 vol.) (Putnam), 4. 

W. S. Tower, “Story of Oil’ (Appleton), 4. 

M. M. P. Muir, ‘Heroes of Science—Chemists”’ (Macmillan), 4. 

J. C. Philip, ‘Achievements of Chemical Science”’ (Macmillan), 4. 

R. M. Bird, ‘‘Modern Science Reader’ (Macmillan), 4. 

P. K. Duncan, ‘“The New Knowledge”’ (Barnes), 4. 

A. Findlay, ‘‘Chemistry in the Service of Man’’ (Longmans), 4. 

M. M. Muir, ““The Story of Alchemy’”’ (Appletsn), 4. 

H. W. Conn, “Bacteria, Yeasts, and Molds in the Home’’ (Ginn), 4. 

* J. H. Fabre, ‘Wonder Book of Chemistry,” 3. 

C. R. Gibson, ‘Chemistry and Its Mysteries” (Lippincott), 3. 

* EK. E. Slosson; ‘Chats on Science’”’ (Century), 3. 

Sara W. Bassett, ‘“The Story of Glass’’ (Penn), 3. 

Sara W. Bassett, ““The Story of Silk’’ (Penn), 3. 

J. R. Smith, “Story of Iron” (Appleton), 3. 


10 F, D. Curtis, loc. cit., p. 112. 
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Mary S. Rose, ‘‘Feeding the Family” (Macmillan), 3. 
* E. E. Slosson, ‘“Keeping Up with Science’’ (Harcourt), 3. 
E. F. Smith, “Chemistry in America’”’ (Appleton), 3. 


It is conceded that good advertising may have placed some of the books 
listed and that some, such as the two volumes of “Chemistry in Industry”’ 
and the one on “Chemistry in Agriculture,” failed to appear in the above list 
because of their recent publication. The titles starred received a majority 
vote for “science libraries’’ in the first nine lists. ‘That may mean that 
they have some literary merit or at least that they may be readily and 
understandingly read by junior high-school boys and girls. 

What Is a Good Science Book?—But are the above thirty titles good 
science books? What constitutes a good science book? From Curtis,!! 
Webb,” and Glenn,!* as well as other sources the writer would venture 
the following qualities as characterizing a good science book for use in 
extensive reading: 


First, accuracy. ‘To check this, one would consider: What are the 
qualifications of the author for writing upon that particular subject? 
Was he too hurried to check up his statements? Was he propogan- 
dizing, 7. e., warping his findings? Was he guilty of sacrificing ac- 


curacy for style or for sensation? 

Second, scientific approach. ‘This quality is desirable if ‘‘scientific atti- 
tudes” are to be trained. It might be called the problem approach. 
Such a book might well employ something of the technic of the 
writer of good detective stories. 

Third, human interest appeal. ‘This includes not only the ‘general 
make-up,’’ type, illustrations and page form, but the style; whether 
biographic, informal, specific rather than general, inductive rather 
than deductive. 

Fourth, literary merit. Here should be considered; diction, clearness, 
appeal to the imagination, simplicity of language, and reading diffi- 
culty. 

Fifth, recency. Science books, and chemistry above all, need continu- 
ous revision to be abreast of investigational progress. Any book 
older than five and certainly one older than ten years should be care- 
fully scrutinized for this attribute. A late copyright date does not 
insure recency. 


Before the above list or any list is accepted each book should be scruti- 
nized for the five characteristics named, perhaps others. . . Few books will 


11 Tbid., pp. 50-3. 

12 Hanor A. Webb and John J. Didcoct, ‘How to Teach Elementary Science,” 
D. Appleton & Co., New York, 1925, pp. 16-8. 

13H. R. Glenn, Gen. Sct. Quart., 3, 1 (1918). 
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measure up fully upon all points. Curtis would also have “pupil choice 
and approval . . made an important criterion in the selection.” !° 

The Teacher’s Part.—Teachers of chemistry have taken Agassiz too 
literally when he said, “Study nature, not books.’ It is hardly necessary 
to say information is gleaned from three general sources; nature, men, and 
books, and not one only. ‘True, chemistry is preéminently a laboratory 
science. Yet, when more than seventy-five per cent of the high-school 
chemistry students never pursue college chemistry,’ for those students 
there is no further chemical science if they are required to get it in a lab- 
oratory. On the other hand, science teachers’ ideals of scientific training 
should support the use of the library as an aiding means of training in 
scientific method. ‘That method calls for dependable data as basic in 
formulating hypotheses. Whether the student is to become an investiga- 
tor or only an intelligent thinker he will often need the experience of others, 
which is preserved in our libraries, as well as his own first-hand data. 
Glenn? puts it: ‘‘as the problem-solving philosophy of teaching comes into 
more general use, greater demands will be made upon the library.” On the 
basis of the surveys enumerated at the beginning of this paper many of 
our chemistry teachers do not seem to have the ‘“‘problem-solving philos- 
ophy.” Our teachers’ colleges and our educational programs are preach- 
ing this philosophy. Is it possible we teachers of chemistry are ‘‘slow”’ 
in developing an educational philosophy because we are too busy with 
the philosophy of our science? 

Can High-School Students Be Induced to Read?—Curtis says, ‘‘Pupils, 
given proper encouragement and access to suitable books and magazines, 
will read a very great amount of scientific literature for recreation along 
with their regular school work.”!° ‘The writer doubts, however, if ‘‘read- 
ing for recreation” can be brought about by requiring that reports upon 
this or that from outside reading be made. Rather it will come, if at all, 
through an indirect approach. ‘‘Encouragement’’ is the word used in the 
quotation given. How encourage? Why not by suggestion, satisfaction, 
and recognition? Perhaps there may be other ways, too. 

Suggestion may come through display of the books themselves; or an 
apt characterizing comment from a pupil’ or teacher. Pertinent questions 
which this book can answer have been placed by some workers upon a 
card carried by the book.'! Sometimes a student committee’ using a 
bulletin board does the deed. All have heard of the device of reading a 
few paragraphs in a highly interesting part of a book then laying it down, 
upon some pretext or other, leaving the listeners in suspense. 

Satisfaction as an aid toward extensive reading is merely an application 
of one of the laws of learning. ‘To attain this aim, ease of getting a book, 

14 Washburne, Winnetka Graded Book List, Amer. Libr. Assoc., pp. 6-8, 44-5, 
1926. 
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1. e., reducing time, travel, and excess clerical work, deserves mention. 
Why not make up the desired set of books, have a small traveling library 
box for them and have them charged to the teacher who is thus made sub- 
librarian in his own laboratory? Another factor contributing to satis- 
faction is that the book “‘live up to”’ its advertising. So far as the student 
is concerned, in this connection, the items human interest appeal 
and literary ‘merit (as characteristics of the good science books) are 
of paramount importance. ‘Teachers will be able to greatly increase 
the satisfaction of their student readers, by much attention to these two 
points as books are being selected for the set. If the book is under use as 
a reference a full, accurate index is a highly important satisfaction aid. 
Recognition might be sub-classed as a means of giving satisfaction. In 
routine class work this would be attained by an unfailing call for all re- 
ports volunteered for by students. Of a less formal nature are parts of 
periods, perhaps called ‘‘book-talk-time,’’ devoted to informal reviews of 
books read. Here again should be mentioned the use of the bulletin 
board for lists by students of ‘Books I liked best,’’ ‘“Books I have read,” 
and some “‘Best reviews of books read by members of our class.” ‘Teachers 
who try to recognize the superior student! in their teaching procedure 
could appropriately allow this extensive reading to use some of that 
student’s marginal time and ability. 
What Magazines Are Desirable?— Magazines are generally considered 

a part of any library. For the science teacher the magazines carry the 
current science. It is probably conceded by all that “students will never 
get the true scientific spirit and point of view by merely reading maga- 
zines.’’!? However, the magazine is needed, if for no other reason than 
to impress the student that science is growing. In the spring of 1926, for 
twenty-three states,' the order of frequency of science magazines in high- 
school libraries was: (‘The number following the name indicates the number 
of states taking it.) 

School Science and Mathematics, 22. 

Popular Science Monthly, 22. 

JOURNAL OF CHEMICAL EpucaTION, 22, 

Scientific American, 21. 

Popular Mechanics, 17. 

Science and Invention, 16. 

Science News Letter, 15. 

Journal of American Chemical Society, 15. 


Science, 9. 
Chemical and Metallurgical Engineering, 8. 


Industrial and Engineering Chemistry, 7. 
General Science Quarterly, 6. 
Nature, 6. 


Scientific Monthly, 6. 
16 B. Clifford Hendricks, Tu1s JouRNAL, 3, 1380-4 (Dec., 1926). 
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It would be of interest for teachers of chemistry to know what per cent 
of the articles in the ten not named as chemical magazines is upon sub- 
jects of particular value to students of chemistry. In evaluating maga- 
zines for use of pupils in high-school science the five characteristics of a 
good book could quite as well be demanded of the magazine. 

Conclusion.—In brief: it has been shown that the science section of 
high-school libraries is, if anything, inadequate. All indications are that 
chemistry teachers are not using the few books and magazines there are 
available. Our high-school students are not becoming extensive readers. 

Students can be intrigued into recreational reading of books on science 
if teachers will but do their part. The teacher’s part is to suggest proper 
books and magazines for the student to read, to encourage the reading 
student to continue reading, and to invest time and attention to the 
selection of these good books and good magazines. Good books and good 
magazines have been described in some detail. A partial list for the 
teacher’s evaluation is submitted. 

A Way Out.—lIt has been said, ‘““We need a book list of about 1000 
volumes (for science in general) . . . (This list, in turn, needs further division 
into subject lists.) ‘hese subject lists should be made out with great care 
by representative sub-committees.’’ The writer wishes to second this 
suggestion. Why should there not be a sub-committee of our Committee 
of Chemical Education which would not only work up a chemistry list, 
but apportion it among experienced teachers for evaluation? Upon the 
basis of their evaluations the sub-committee could then publish a scaled 
bibliography for high-school chemistry. ‘This sub-committee should be 
a standing committee and do as much and more for chemistry as Doctor 
Webb" has been doing for science in general. 


16 Webb, Peabody J. Educ., 3, 85-119 (1925); 3, 340-7 (1926); .4, 351-8 (1927). 


New Camera Films Give Correct Color Values. Amateur photographers with roll 
film cameras can now take pictures of colored objects in which light red objects appear 
light, while a dark blue photographs dark. A large film manufacturing concern is now 
producing “‘panchromatic”’ roll films. These do not take pictures in natural colors, 
but they do reproduce color values correctly. With ordinary films red photographs 
black or very dark, while blues appear very light. 

Panchromatic plates have been on the market for some years, while similar film 
has been made for use in movie cameras. However, it has never been obtainable before 
for roll film cameras, which are most commonly used. The film is not very much more 
expensive than the ordinary kind, however, since a six-exposure film in the 3a, or 31/4” 
by 51/2”, size costs 75 cents. As the films are sensitive to red light, they cannot be 
developed with the ordinary red dark room lamp. ‘The manufacturers, however, 
will develop them. They charge 25 cents for developing the 3a size.—Science Service 
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PROJECTION OF BROWNIAN MOVEMENT 


N. HENRY BLack, HARVARD UNIVERSITY, CAMBRIDGE, MASSACHUSETTS 


Probably many teachers of physics and chemistry are accustomed to 
demonstrate the Brownian movement by means of a water suspension of 
carmine on a slide under a compound microscope. ‘This method makes it 
necessary for each student in turn to adjust the instrument so that he can 
observe the motion of the tiny particles. All teachers of large classes have 
long wanted some means of projecting this movement in order that the 
whole class or section may observe the fascinating phenomenon on the 
screen. 

Ever since the English botanist Robert Brown, in 1827, observed this 
irregular motion while examining with the microscope a liquid containing 
some pollen grains, various scientists have been studying the phenomenon 
and improving the methods for observing it. It was in 1910 that Perrin 
published his micrographs of a colloidal solution of mastic and calculated, 

‘on the basis of his experimental data, Avogadro’s number.' In 1923 
Ehringhaus of Géttingen described his experiments with the Brownian 
movement in various suspensions and also his method of projecting this 
motion on the screen.?, We have followed his procedure in general, but 
have made some improvements in the technic which we hope will be useful 
to other teachers. 

Apparatus 


The first essential for microprojection work of this sort is a powerful 
source of light which is concentrated, as nearly as possible, at one point. 
We use for this purpose a 90° arc lamp (A), as shown in Figure 1, in which 
the special cored carbons are about 5 millimeters in diameter and coated 
with copper.* Of course, one might set up an heliostat so as to use sun- 
light, but the high-powered incandescent lamps will not serve as a source. 
It is very convenient to have an automatic clock feed for the arc lamp, 
but this is not necessary. Next we use as a condenser an aplanatic collec- 
tor (C) of about 5 centimeters focal length; in front of this a water cell 
(W) about 5 centimeters in thickness, with parallel glass sides; then a 
double convex lens (L) of about 20 centimeters focal length. At the other 
end of the optical bench the compound microscope is set up on a stand, so 
az to be in the usual vertical position, and at such a height that the center 
of the mirror (1/) is exactly on the optical axis of the projection apparatus. 
Under the stage of the microscope we insert the dark-field condenser 


1 “The Brownian Movement and Molecular Reality,’ J. Perrin. Translated by 
F. Soddy, 1911. 
2 A. Ehringhaus, Kolloid Zeitschrift, 32, 19 (1923); and Die Naturwissenschaften, 


42, 1923. : 
3 These can be procured from E. Leitz, Inc., 60 East 10th Street, New York. 
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Fic. 1.—Diagram to show the arrangement of apparatus for micropro- 
jection. A, arc lamp; C, aplanatic condenser with iris diaphragm; W, water 
cell to absorb heat; ZL, auxiliary converging lens; M, mirror under microscopic 
stage; Con., dark-field cardioid condenser; Sus., rutile suspension on quartz 
plate; O, oil-immersion lens; FE, eyepiece; P, right-angle prism; and S, 
cardboard screen. 


(Kardioid Kondensor by Zeiss, 1925). ‘The paraboloid dark-field conden- 
ser will not work for this experiment. On the stage we place a fused- 
quartz plate or chamber which is provided with a circular groove and es- 
pecially prepared by the Zeiss firm for this sort of work. On this plate 
we put a drop of rutile suspension (TiO:).4 This can be prepared by 
grinding the mineral for twenty minutes or longer in an agate mortar and 
then allowing it to settle for some time and pouring off the liquid contain- 
ing the finer particles in colloidal suspension. It is, however, essential 
for this experiment not to use too small particles. The use of a centri- 

















Fic. 2.—Zr1ss Optical, BENCH FOR MICROPROJECTION 


4R. Winkel, G. m. b. H., Géttingen, Germany, prepares “‘Rutil Suspension zur 
Demonstration der Brownschen Molekularbewegung,”’ according to A. Ehringhaus. 
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fuge helps in grading the particles. Over this we place the ordinary thin 
cover glass. Doubtless, it would be better to use a thin quartz cover glass. 
For an objective we use a '/1-inch oil-immersion objective (O) with an 
iris diaphragm (Zeiss 90 N. A. 1.25). It is necessary to use an objective 
which is provided with this diaphragm. As an eyepiece (£) we use the 
lowest power eyepiece that comes with the microscope (Zeiss No. 1). 
Above the eyepiece we use the ordinary right-angle 45° glass prism (P) 
for throwing the image on a vertical screen (S$). For this purpose we find 
that a large piece of white cardboard is the most satisfactory because it 
gives a very opaque, white, smooth surface. We find that the 
“Translux” screen gives excellent results only when the observer is 
directly behind it. 
Manipulation 


It is best first to adjust the apparatus by observation through the micro- 
scope with the eye in the usual way. For this we use the illumination of 
the projection apparatus, 
but it must be somewhat 
reduced in intensity (a 
current of perhaps 10 
amperes), and a piece of 
white paper should be 
inserted between the arc 
and the microscope. It 
is necessary to make sure 
that the projection ap- 
paratus is exactly in line 
and that the beam of 
light hits the middle of 
the reflecting mirror 
under the microscope 
stage. Adjust the con- 
denser (C) so that the 


light fills the convex 
Fic. 3.—PHOTOGRAPH (SNAPSHOT) OF PARTICLES OF : 
RUTILE (ABOUT 3 IN SIZE) AS SEEN IN A DarK FIELD lens (L) and then move 





the latter so as to get an 
image of the carbon approximately at the microscope. ‘Then turn the 
mirror so that it throws the light exactly into the condenser. These 
adjustments are made easily with the Zeiss optical bench, shown in 
Figure 2. Next, raise the dark-field condenser until its surface is level 
with the top surface of the stage; place a drop of distilled water on top 
of the condenser and then put on the quartz plate with its drop of rutile 
suspension and cover glass. It might be worthwhile to note here that 
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scrupulous cleanliness is absolutely essential, and one must be constantly 
on the lookout to prevent air bubbles. 

Next, place a drop of cedar oil on the cover glass. Then with the coarse 
adjustment lower the microscope tube until it makes contact with the 
drop of oil, and then very slowly lower it until it seems to touch the cover 
glass. Apply the eye to the eyepiece and with the fine adjustment raise 
the objective until the particles are brought into view. When one has 
once made this preliminary adjustment, he can then proceed to improve 
the conditions by raising and lowering the cardioid condenser. Generally, 
it will be necessary to bring the condenser as near as possible to the quartz 
plate. Also adjust the lever attached to the cardioid 
condenser and the iris diaphragm in the objective. Begin A 4 
with the diaphragm closed, and open it more and more. 
When these adjustments have been made, place the prism 
on the eyepiece and darken the room. It must be very 
dark indeed, because the amount of light which is re- 
flected is very small. It takes about five minutes for the 
human eye to become sufficiently sensitive to see the 
particles to the best advantage. By placing the screen 
a few feet away from the microscope, one can gradually 
get the focus and readjust the various parts of the illu- 
minating system, such as the fine adjustments of the 
position of the arc and the exact position for the con- 
denser and mirror, in order to attain the highest intensity. 
Then move the projection screen farther away and 
gradually increase the current up to 20 or 25 amperes. 
This will enable one to project the little particles so that 
they can be seen by a class of 75 to 100. It will be 
necessary to cover the whole projecting apparatus, except we 
the arc lamp, with a black oil-cloth box to prevent movable _bot- 
leakage of stray light.® —— pag as 

After one has had some experience with the apparatus, trate the ki- 
he can make the necessary adjustments and set it up in ei Peat 
ten or fifteen minutes, so that it isan entirely practical to a motor. 
experiment to perform before elementary students in 
chemistry, provided one has suitable equipment. One surely gets a much 
more correct as well as real picture (Fig. 3) of the Brownian movement in 
this way than one does from the usual diagrammatic drawings which are so 
often found in textbooks. 

















The Theory Involved 
We have all learned by experience that it is not sufficient to perform 


5 The author is much indebted to Dr. Egan Lorenz, an International Fellow in 
the Jefferson Physical Laboratory, for his personal assistance in the manipulation. 
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striking experiments before our students; we must also make sure that 
they see the significance of the experiments. In this experiment we are 
trying to help the student to visualize molecular motion, but unless we 
take special care, they will get the idea that they have seen molecules in 
motion. We must somehow make it plain that these ‘‘small visible col- 
loidal particles are knocked about by colliding with the invisible mole- 
cules like a football in the midst of a crowd of invisible players.’’® 

We have found it very useful at this point to use a mechanical model 
which was designed by Pohl of Géttingen. ‘The essential part of the 




















Fic. 5.—Pont,’s APPARATUS FOR PROJECTING THE MECHANICAL MOopEL ILLus- 
TRATING MOLECULAR AND BROWNIAN MOVEMENT 


apparatus (Fig. 4) consists of a tall metal box with glass windows at 
front and back. ‘The box is provided with a piston at the bottom which 
moves rapidly up and down as it is driven by a crank attached to a small 
motor. In this box are placed small steel balls and also two larger wooden 
balls. As the piston moves up and down, the tiny steel balls dance about 
in the space above, as we suppose the molecules of liquids and gases be- 
have according to our kinetic theory. ‘The wooden balls represent 
the colloidal particles which are subjected at all times to an enormous 
number of collisions with the rapidly moving molecules by which they are 


6 Washburn’s ‘‘Principles of Physical Chemistry,” p. 11, 1921. 
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surrounded. ‘This motion can be conveniently projected by means of the 
optical bench shown in Figure 5.’ 


7 This whole apparatus was designed by Prof. R. W. Pohl of the University of 
G6ttingen, Germany, and is manufactured by Spindler and Hoyer of the same place. 


Swiss Chemist Makes Synthetic Sugar. The synthesis of sugar by two Swiss 
chemists, Professor A. Pictet and Hans Vogel, has aroused great interest among the 
chemists in this country. For this is a problem on which investigators have worked in 
vain for over fifty years because of its scientific interest and possible commercial im- 
portance. Sugar of the common sort, extracted from cane or beet, is easily split up, or, 
as it is called, ‘‘inverted’”’ by weak acids, forming two other sugars. One of these is 
glucose, which is now manufactured in the United States from corn. The other half 
is fructose, which can be manufactured from Jerusalem artichoke, as has recently been 
demonstrated here by the U. S. Bureau of Standards. 

But to bring these two sugars together so as to form sugar of the common or table 
variety has hitherto been impossible. Professor Pictet has discovered that the diffi- 
culty has come from the fact that fructose exists in two forms identical in composition 
but differing in the arrangement of their atoms. By transforming the normal fructose 
over into what is called the ‘‘“gamma”’ form he was able to combine this with an equal 
amount of glucose and get sucrose or common sugar. This he accomplished by first 
joining to each molecule of glucose and fructose four molecules of acetic acid, the acid 
of vinegar. After the two sugars have been combined the acid is easily eliminated by 
alkali. 

Since this is a difficult and expensive process it could not be employed on a com- 
mercial scale, but it is important as proving that it is possible to make sugar artificially 
and it suggests the possibility of inventing new kinds of sugar which are not to be found 
in nature. Some of them might prove to be sweeter than common sugar or safer for 
the use of diabetics. 

Professor Pictet of the University of Geneva is now seventy-one years old and has 
long been one of the world’s leading authorities on the constitution of sugar and cellu- 
lose. Within the last two years he has succeeded in synthesizing two other of the double 
sugars, lactose which occurs in milk and maltose which occurs in malt.—Science Service 


TEACHING METHODS AT INSTITUTE OF CHEMISTRY 


Dr. Harry N. Holmes, Head of the Department of Chemistry at Oberlin College 
and known to all chemists as a teacher as well as a research worker in the field of Col- 
loids, will give a series of lectures in the course on Teaching Methods which is being 
organized by B. S. Hopkins of the University of Illinois. The schedule for Professor 
Holmes’ lectures is: 

July 24th—The Organization of a Four Years Course in Chemistry.” 

July 25th—‘‘The Research Attitude of Mind for Freshmen.” 

July 26th—The Gifted Student in Undergraduate Chemistry.” 

July 27th—‘‘Lecture Style.” 

July 28th—‘‘The Welfare of the Staff.”’ 
July 30th—‘‘Teaching Colloid Chemistry.” 
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A DEFINITION OF SCIENCE* 
WIL.iaM T. RICHARDS, PRINCETON UNIVERSITY, PRINCETON, NEW JERSEY 


Almost every man of science since the time of Aristotle has tried his 
hand at defining his profession, and a continuation of this practice must 
be without the least hope of originality. Since, however, the current 
English definition, due to Huxley, seems lacking both in conciseness and 
in philosophic perspective, another has been attempted. It is presented 
herewith: Science is the systematic description of phenomena. 

It is not necessary to pause here for a detailed discussion of the con- 
siderations leading to the choice of each word in this definition. It should 
be clear that the term “phenomena,” with its implication of reproduci- 
bility and of common experience, separates the physical sciences alike 
from the arts, and from some aspects of the psychical. Again, the word 
“description” patently suggests the necessity of a language for the ex- 
pression of scientific generalizations; the language employed is conditioned 
by the nature and degree of development of each branch of science, mathe- 
matical statement being, of course, the common medium of the physical 
sciences. Finally, the qualifying adjective “‘systematic” serves to dis- 
tinguish scientific statement from merely casual, if empirically substan- 
tiated, expression of experience. This definition can lay no claim to 
ultimacy, since it treats science as a dichotomy of object and sense data, 
and does not attempt to resolve the psychophysical paradox. A simple 
definition from any other standpoint seems however impossible, since 
at present it must be not only self-explained, but also self-justified.! 

The aspect of this definition especially worthy of emphasis here is its 
duality. Science is shown to be compounded of two types of thought, 
induction and deduction. ‘That these may have a close fundamental 
connection is quite possible—indeed, it is difficult to escape the conviction 
that the significance of any deductive expression is founded ultimately on 
experience. But in science it is possible to distinguish clearly between 
the two. A statement made deductively is verified subjectively, whereas 
an inductive statement depends on “‘objective’’ verification. ‘Their obscure 
relationship is, in science, seldom even felt. 

Although the two methods of thought may thus be readily distinguished, 
they never occur separately in science. An inductive generalization always 
involves deduction in its expression. If, for instance, a series of physical 
measurements of finite accuracy agree within limit of experimental error 

* Adapted from the preface of a thesis submitted to the Department of Chemistry 
of Harvard University in May, 1924, in partial fulfilment of the requirements for the de- 


gree of Doctor of Philosophy. 
1 Perhaps the most brilliant contemporary example of a non-paradoxical definition 


of science is A. N. Whitehead’s ‘“Thé Concept of Nature,’’ Cambridge University Press, 


1919, 
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with a simple function, they are described by the function with infinite 
precision. ‘The treatment of observations necessary to formulate them as 
a generalization must therefore always mould them in a more accurate 
form than experience justifies. Conversely, of course, mathematical 
expression, which may be considered as ‘‘pure’’ deductive thought, is at 
once circumscribed and stimulated by the necessity of describing phe- 
nomena. 

This definition of science brings out strongly, therefore, an aspect which 
is perhaps the most important single principle in its organization. In 
science the infinite precision of the deductive process must always com- 
promise with the very great fallibility of the empirical, and no resulting 
structure, however subtle, elegant, and widely substantiated can justly 
be termed ‘‘Natural Law.’ ‘The searcher for truth, in the absolute 
sense, will find in it only a dilemma between scepticism coupled with 
futility, and statement coupled with certain error. If philosophic analysis 
did not lead to this conclusion the history of science, with its perpetual 
pendulum-like oscillation between hypotheses, each of which interprets 
conveniently some aspect of a subject but is inadequate for the description 
of another, would irresistibly suggest it. Progress is being made, since 
the amplitude of the oscillations is decreasing with time. It is incon- 
ceivable, but not perhaps impossible, that in the far distant future the 
“world equation” suggested by LaPlace, in which every cosmic variable 
is simultaneously defined, may be realized. Then, and then only, shall 
we have scientific truth, completing in our knowledge of the universe one 
aspect of the larger Truth which is the summation of our sense-data. 


Sun Contains Eye Lotion Element. The element boron, principal constituent of 
borax and boric acid, is also present in the sun, astronomers meeting here in connnection 
with the American Association for the Advancement of Science were told by Dr. Seth 
B. Nicholson of the Mt. Wilson Observatory. 

Dr. Nicholson, who in 1914 won himself a place in astronomical history when he 
discovered a previously unknown moon of the planet Jupiter, has been working witlt 
Nicolas Perrakis on a study of the sun. This has been by means of the spectroscope 
which analyzes the sunlight into the colored spectrum band, crossed by dark lines 
that reveal the solar elements causing them. 

Hitherto, none of the spectral lines given by boron when studied on the earth have 
been identified in the sun. However, when boron compounds, in which the element is 
associated chemically with other elements, are examined with the spectroscope, char- 
acteristic bands in the spectrum result. Dr. Nicholson and his associate have found 
these bands in the spectra of light from sun spots. Though these spots appear dark, 
they do so only by contrast with the brighter portions of the sun. They are really very 
bright themselves. 

Dr. Nicholson pointed out that nitrogen and carbon have only been located in 
the sun by means of the band spectra of their compounds.—Science Service 
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DECEPTIVE ADVERTISEMENTS 


CHARLES F. Mason, Mr. St. Mary’s COLLEGE, EMMITSBURG, MARYLAND 


The usual method of generating hydrogen sulfide in the laboratory by 
the action of hydrochloric acid upon ferrous sulfide has met with few 
modifications in the past decade, although new types of generators occa- 
sionally appear for individual student use and for intermittent large-scale 
production. Without considering economic reasons, it is obvious to the 
average chemist why other sulfides than ferrous have not come widely 
into use and why other acids (besides hydrochloric) are out of the question. 

Recently there have appeared upon the market various dry mixtures 
which, when heat is applied, will give a copious evolution of hydrogen 
sulfide. The manufacturers claim that the usual wash-bottle is not 
necessary, and that there is no hydrogen in the evolved gas—a condition 
which is said to be prevalent when using the acid and sulfide. ‘These 
mixtures usually consist of paraffin, sulfur, and a fibrous material like 
glass wool, mineral wool, or asbestos. Upon first thought it would seem 
like a decided improvement, especially in university classes where th> 
elimination of the Kipp, or Parsons’, generators would be welcomed be- 
cause of their need of constant attention. ‘To the busy college professors 
who must do their own purchasing upon a limited budget the proposition 
possesses many inviting features. 

Judging by the advertisement, this new commercial product now being 
exploited fairly extensively in high schools and colleges looks like a safe 
and economic method of having each student generate his own supply of 
hydrogen sulfide as needed. The only apparatus required is a hard glass 
test tube fitted with a cork and delivery tube which leads into an empty 
Erlenmeyer flask which, in turn, is equipped with an exit tube leading into 
the solution to be saturated. 

A few experiments by the writer upon some of this material may be 
interesting: 

A hard glass test tube, packed with a weighed quantity of the dry 
substance, supplied with a delivery tube (according to directions) and 
a gas wash-bottle containing water, was heated until the evolution of 
hydrogen sulfide had ceased. ‘The gas was collected over water. This 
experiment was repeated until check results were obtained; no correction 
having been made for air already in the apparatus. The results of the 
first experiment were discarded to allow for the saturation of water in the 
apparatus. 

Not content with these results, the writer made up three solutions of 
lead nitrate and established conditions for the maximum precipitation of 
lead sulfide. The gas from a two-gram sample was bubbled through each 
and the lead sulfide was filtered off, dried, and weighed. From these 
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data comparisons were made upon the material costs of the two heretofore- 
mentioned methods. 
Observations 


The apparatus was set up according to directions from the advertiser’s 
pamphlet and all instructions were closely followed. It was noticed, 
upon heating, that a gas wash-bottle containing water was absolutely 
necessary in that the contents darkened and a yellow mist, followed by a 
dark brown one, traveled through the delivery tube into the Erlenmeyer 
and then over into the gas collecting trough. ‘The water took on a dis- 
tinct yellow color, a large mass of a black deposit floated upon the surface; 
and, being in a finely divided condition and insoluble, crept over the walls 
of the container. ‘The yellow color of the solution could be attributed 
to that of colloidal sulfur as it did not settle for three weeks and the residue 
upon evaporation showed all the properties of the amorphous variety. 
The dark brown mist settled upon the inner walls of the delivery tube and 
wash-bottle, being extremely difficult to remove when the operation was 
completed. 

It is at once obvious why such material placed in the hands of students 
would be dangerous in that sulfur and carbon would be carried over into 
the unknown solution resulting in a colloidal condition and interfering 
with all subsequent operations. 


DATA 
Vol. of HeS cal- Cost of 
Weight of Volume Vol. corrected Weight culated from Cost of 22.4 L. by 
sample of gas to 2 gr. sample PbS wt. of PbS 22.4 L. FeS + HCl 
ce. cc. ce. 

Grams 0°C.,760 mm. 0°C., 760 mm. Grams 0°C., 760mm. Dollars Dollars 
4.4588 270.0 121.1 (FeS at 12c.) 
2.0000 122.0 122.0 (HCI at 14c.) 
2.0000 121.9 121.9 
2.0000 1.2352 118.2 
2.0000 1.2350 118.5 
2.0000 1.2356 115.8 

121.7 Av. 117.5 Av. 1.46 0.084 
Remarks 


The writer does not claim a high degree of precision for these results. 
A discrepancy exists between the volume of gas obtained by the two meth- 
ods and the difference apparently can be attributed to the quantity of air 
in the apparatus when operations were started. Jor this reason all cost 
calculations were based upon the lower figure. 

However, it will require little study of the data sheet for one to conclude 
that the cost for the material alone would be nearly eighteen times that of 
the material now in use, leaving out of consideration the extra breakage 
of glassware, which would be enormous. 
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One may safely conclude that this material was not given a thorough 
trial before being placed upon the market. ‘The writer’s intention is not 
to condemn the idea completely in view of the fact that it has not been 
investigated thoroughly; and some experiments upon the percentage 
composition of the mixture as a function of the volume of evolved gas may 
show that the method possesses commercial possibilities. But the ma- 
terial, as it is now being sold is out of the question for many laboratories 
on account of the cost, inconvenience, and results in general. 


Zinc and Boron Needed by Plants. ‘The common metal zinc, together with boron, 
the chemical basis of borax, are needed by plants if they are to live and grow in full 
health, according to Miss A. lL. Sommer and Prof. C. B. Lipman of the University of 
California. ‘The amounts needed are exceedingly minute; one part of each in two 
million parts of the solution surrounding the roots will suffice, but without these micro- 
scopic quantities plants drag out a dwindling, sickly existence or even perish altogether. 
These minerals, together with several others needed in equally minute amounts, are 
likened by the experimenters to the almost undetectably small amounts of the vitamins 
needed by man and the lower animals. 

To test the response of plants to such low concentrations of the two elements most 
elaborate precautions had to be taken, the two researchers report. Even the dust of the 
air might carry enough zinc or boron to feed a plant otherwise kept completely deprived 
of it by specially refined chemicals dissolved in double-distilled water; so a smaller 
greenhouse was built inside a large one, and all the air used in ventilating it carefully 
filtered. Since ordinary glass contains a little zinc, the jars used in part of the experi- 
ments were made of pyrex glass. 

A number of different kinds of plants were grown in the culture jars. One set was 
given a properly balanced ration of mineral nutrients, but no zinc. Another set was 
similarly deprived of boron. Other plants were supplied with a full ration plus both 
boron and zinc, in the very low concentration of one part of each to two million parts 
of water. ‘The plants supplied with both boron and zinc made a healthy and flourishing 
growth, while those that lacked either of the two elements showed only a fraction of 
normal growth or even failed to advance beyond the seedling stage.—Science Service 

Ultraviolet Rays May Harm Plants. Extra doses of ultraviolet light are not so 
good for plants as for animals, it appears from experiments carried on by E. M. Delf, 
K. Ritson, and A. Westbrook, working at Kew Gardens and Bedford College, London. 

The experiments were undertaken with the idea of finding the possible effect of 
the light on plants brought from the south to northern countries where there is much 
less sunshine. Seedlings and older plants were given treatments with quartz mercury 
vapor lamp, similar to those given human beings. Germination and growth were 
retarded and in older plants, leaf-formation was partially inhibited and flower formation 
and budding were heid back.— Science Service 
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THE SEPARATION OF CONSTANT-BOILING MIXTURES; A 
PROBLEM FOR STUDENTS OF PHYSICAL CHEMISTRY 


ARTHUR A. SUNIER, UNIVERSITY OF. ROCHESTER, ROCHESTER, NEW YORK 


For several years, considerable interest has been aroused in elementary 
physical chemistry classes by assigning a problem somewhat as follows: 
Suppose a fair quantity of a constant-boiling mixture must be separated 
into its components pure A and pure B, what general physical methods are 
available to accomplish .this? The student is specifically told not to pay 
attention to particularly cheap methods nor methods which might have 
great industrial importance, but rather to attempt to apply principles 
already studied in his work in physical chemistry. 

It is rather remarkable how this problem makes the student think and 
remarkable too the results which are obtained. On searching the litera- 
ture the student finds little to assist him. Most textbooks give him the 
impression that such mixtures cannot be separated; some textbooks and 
even treatises on physical chemistry do not even mention the matter. 
Special books on the subject of distillation give one or perhaps two methods 
but, fortunately, these books are not very accessible to the student. The 
simplest procedure for the student, then, seems to be to systematically 
review his principles and attempt to apply these to the problem in hand; 
this is of course exactly what the instructor wishes the student to do. 
Students often turn in acceptable papers on the subject, finding three or 
four or more general methods of separating constant-boiling mixtures. 
This encourages them, especially since so little information was obtained 
from the literature. It may not be uninteresting to record here some of 
the solutions to the above problem which students have turned in, as well 
as mention one or two others. Chemical methods will not be considered 
here. 

If the student thinks first of the principles and laws relating to the 
gaseous state, the fundamental equation: 


pv = 1/3 nmu? = RT 


invariably comes to mind. He recognizes that, at a constant temperature, 
for two different molecules the following relation holds: 


‘ ° U2 
1/3 My? = 1/s Motte? or — = yt 
uy M,2 


A simple calculation shows that in a mixture of equal volumes of O, and 
He, the velocities are in the ratio 1/4 and hence any given point on the 
enclosing vessel is bombarded by 4 Hz molecules to 1 O: molecule, on the 
average. If now a very fine “‘pin hole’ (in fact, so fine that only one mole- 
cule can escape at a time) is made in the wall of the vessel, 4 H2 molecules 
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will escape to 1 O2. If the two components of the constant-boiling mixture 
have different molecular weights, by gaseous diffusion we could effect a 
separation. ‘The theory of this diffusion process has been worked out in 
some detail by Lord Rayleigh! but it appears that as yet the theory has 
been applied to only one case of interest to us, namely, the ethyl alcohol- 


water problem.? 
The student, in his study of gases, becomes familiar with the equation 


M 
m p oeRT 
of molecular weight M which would strike 1 sq. cm., if the pressure is p 
(in dynes per sq. cm.) and the temperature 7. If we consider for a mo- 
ment a liquid, such as mercury, held at 20°C., in a closed vessel, by using 
the above equation it is possible to calculate the mass of mercury vapor 
striking 1 sq. cm. of the liquid surface per second and similarly the mass 
of liquid vaporizing from 1 sq. cm. per second can be calculated. Now 
suppose the space above the liquid mercury to be evacuated very thor- 
oughly (say 10-* mm.) the mass of mercury evaporating from 1 sq. cm. 
may readily be calculated since none of the atoms in the vapor return to 
the liquid surface. Such an evaporation is usually termed ‘‘non-equilib- 
rium evaporation.” Now if a mixture of liquids is evaporated under 
such conditions the masses of each evaporated should be given by the 





This equation enables one to calculate the mass of gas 


relation“! = an since 2rRT is a constant quantity under such 
m, pe VMe 
conditions. Isotopes* have been partially separated by such a method; 
in this case the vapor pressures of the two species are supposed to be 
identical. For a constant-boiling mixture the partial vapor pressures of 
the components are in general not equal, hence the degree of separation 
would be dependent both on the molecular weights and the partial pressure 
of the components. Apparently this method of non-equilibrium evapora- 
tion has not been applied to constant-boiling mixtures, though the method 
seems to be a valid one. 
Those students having a little more knowledge of kinetic theory will 
remember the phenomenon known as “thermal diffusion.” Suffice it 


1 Phil. Mag. [5] 42, 493 (1895). It may be mentioned that Lord Rayleigh used 
such a diffusion method to separate argon from nitrogen. Of late years the same method 
has been used to partially separate isotopic mixtures which are very difficult to 
separate. : 

2 References will in general be omitted so that the student may search the literature 
himself. In another place it is hoped to publish a comprehensive review of the whole 
subject with a fairly complete bibliography. A very recent article by Cooley [Chem. 
Met. Eng., 34, 725 (1927)] gives a rather complete bibliography of the literature re- 
lating to the production of absolute ethyl alcohol. 

3 See the work of Mulliken and Harkins, J. Amer. Chem. Soc., 44, 37 (1921) and 


other papers. 
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to say here that this principle affords another method of separating, at 
least partially, constant-boiling mixtures.* 

Although all of the above methods (involving different masses) seem 
to be scientifically sound, it is in the study of the laws of solutions that the 
student usually finds the most assistance in solving the problem of separat- 
ing constant-boiling mixtures; that solids and liquids added to a pure 
liquid alter the vapor pressure of the pure liquid is a well-known principle 
and one which the student has thoroughly studied. He is led to inquire 
how the vapor pressure relations of mixtures of liquids would be altered 
by the addition of a solid or a third liquid. It is quite easy to find in the 
literature information concerning the addition of benzene or fusel oil to 
ethyl alcohol containing a relatively small amount of water (the c. b. m. 
of alcohol and water contains 4.43% H.O by weight). ‘The vapor pressure 
relations are changed to such an extent that a “new” constant boiling 
mixture is obtained, containing about 18% alcohol, 2% H.O, and 74% 
benzene. Efficient fractionation readily yields anhydrous alcohol which 
is so much needed in organic synthesis.° Unfortunately, the theory under- 
lying ternary liquid systems is none too well established. As yet we are 
unable to predict what effect a third component will have on the vapor 
pressure relations. A number of systems have been investigated experi- 
mentally but no general principles have as yet been developed. 

The theory is equally incomplete if the third component is a solid. Only 
of recent years have data been published, which give the effect of a solid 
substance on a binary liquid mixture. ‘These data seem insufficient for 
the purposes in hand, so the student is encouraged to put the method to 
an experimental test in the laboratory, and reasonable facilities have been 
provided for just this kind of a problem. 

A very simple method of separating constant-boiling mixtures involves 
only considerations of the vapor pressure relations of the components at 
temperatures other than the normal constant-boiling temperature. ‘The 
student may have learned in his course in analytical chemistry that the 
c. b. m. of HCl and H:O is useful for standardizing purposes; if such a 
mixture is so to be used, care must be taken to note the barometric pres- 
sure, for data have been published which show that the composition of the 
c. b. m. varies with the total pressure under which the mixture is distilled. 
Similar data on several systems involving organic substances may be found 
in the literature. The most interesting case seems to be that of ethyl 


4Students have also suggested methods involving centrifuging in the 
gaseous or liquid state. Such suggestions are undoubtedly good and the student 
should be encouraged to investigate the complete theory of the separation, if 
time permits. 

5 Students may be interested in looking up the method of recovering the benzene 
and other details which have been published. 
(Concluded on page 884) 
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THE FOURTH CENSUS OF GRADUATE RESEARCH STUDENTS IN 
CHEMISTRY 


CLARENCE J. WEST AND CALLIE HULL, RESEARCH INFORMATION SERVICE, NATIONAL 
RESEARCH COUNCIL, WASHINGTON, D. C. 


The Census of Graduate Research Students in Chemistry, 1927, con- 
tinues the annual compilation which was first issued in 1924.1 It is 
interesting to note the steady growth in the number of students in American 
universities who are undertaking research in the various fields of chemistry, 
1700 in 1924; 1763 in 1925; 1882 in 1926; 1934 in 1927. Apparently 
no one field of chemistry has made any special stride in the number of 
men whom it interests, as all of them fluctuate from year to year. Prac- 


TABLE IT 


NUMBER OF GRADUATE STUDENTS ENGAGED IN RESEARCH IN VARIOUS FIELDS OF 
CHEMISTRY 
1927 1926 1925 1924 
Subject Total M D F Total Total Total 
General and Physical 430 187 243 3438 332 240 
Colloid 79 29 50 58 oe 69 

28 7 21 31 33 51 
Subatomic and Radio 21 10 11 ¢ 21 27 20 
Electro-inorganic 21 «63 32 42 
Electro-organic 11 5 j 13 14 
Photochemistry and Photography 25 25 19 
Inorganic 116 5 109 86 
Analytical 75 ¢ 54 44 
Metallurgical 21 34 28 
Organic 570 252 475 = 480 
Physiological 134 207 -196 
Pharmacological ij : 14 
Pharmaceutical 14 é ¢ 21 
Sanitary 25 ¢ 11 12 
Nutrition 58 3s 51 76 
Food 27 37 49 35 
Agricultural 89 33 50 72 55 91 
Industrial and Engineering 183 114 69 274 184 208 


Catalysis 


887 1047 936 1882 1763 1700 


Total 1934 


tically the same number of universities report annually. One hundred 
and forty are represented in the 1927 compilation, though 17 of these have 
only reported members of the faculty engaged in chemical research. 
The only additional feature this year is the inclusion of the name of the 
Head of the Department of Chemistry (Table I) which appears at the end 
1 Zanetti, Ind. Eng. Chem., 16, 402 (1924); Norris, Ibid., 17, 755 (1925); West and 
Hull, Tuts JourNAL, 4, 909 (July, 1927). 
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TABLE I 
NUMBER OF GRADUATE STUDENTS ENGAGED IN RESEARCH IN CHEMISTRY ACCORDING TO UNIVERSITY AND SUBJECT 


““M” indicates those working for a Master’s degree, ‘“‘D,’”’ Doctor’s degree, and “F,”” number on faculty engaged in chemical research 


Universities Subatomic Photochem- Industrial 
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of the line of information from each university. This list might prove a 
useful guide, as well as serving as an authority for the statistics. 

It should be mentioned that in Tables II and III, while a column is 
given to the faculty, the numbers given there are not included in the totals, 
as those numbers refer only to the graduate students, and are comparable 
with the totals for the previous years. 

An effort has been made to eliminate the counting of one man more than 
once, the questionnaire having been returned to the university in several 
cases for further information, when it seemed as though one man were 
listed according to his various interests rather than his major research. 
However, it was not always possible to detect such errors of listing, and 
the compilation is offered with the hope that, in the future, the heads of 
the chemical departments will see that this interpretation is strictly 
followed. 

TABLE III 


NUMBER OF GRADUATE STUDENTS DOING CHEMICAL RESEARCH BY STATES 
1927 1926 1925 1924 

State Total 1} D a Total Total Total 
Alabama 10 0 5 ‘ 11 
Arizona ‘ : 3 j 3 
Arkansas 2 
California 118 
Colorado 26 
Connecticut 55 
Delaware 
District of Columbia 
Florida 
Georgia 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
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TABLE III (Continued) 
1927 1926 1925 1924 








State Total M D F Total Total Total 
North Carolina 34 18 16 10 23 25 14 
North Dakota 3 3 0 2 1 8 3 
Ohio 131 7 68 47 123 118 85 
Oklahoma 9 9 0 5 LE 13 15 
Oregon 6 6 0 5 5 9 8 
Pennsylvania 84- 39 45 93 72 88 87 
Rhode Island 20 10 10 9 PA 18 6 
South Carolina 0 0 0 1 1 0 5 
South Dakota 7 7 0 7 3 16 a 
Tennessee 6 6 0 4 10 f 7 
Texas 33 27 6. -13 30 30 25 
Utah ke a | 0 8 7 a. 28 
Vermont 6 6 0 i ¢ 3 9 
Virginia 14 6 “8. 13 18 14 16 
Washington 20 14 6 19 27 24 31 
West Virginia 3 3 0 0 6 8 3 
Wisconsin 121 49 72-4) 107° 138 tis 
Wyoming 3 3 0 2 0 0 0 
Hawaii 0 0 0 3 2 1 2 

Total 1934 887 1047 936 1882 1763 1700 





(Concluded from page 881) 


alcohol and water for at 70 mm. (or less) pressure the two substances may 
be completely separated, while at 760 mm. pressure a constant-boiling 
mixture results which, as noted above, contains about 4.43% He2O by 
weight. Here again experiment has outrun theory for no satisfactory 
theory has been proposed which will account for all the facts.® 

Students have often suggested methods involving freezing-point rela- 
tions—which are of course vapor-pressure relations. Since, in general, 
the student has not by this time studied the phase rule, he is really not 
able to decide which c. b. mixtures could be separated by freezing-point 
methods. 

Perhaps the above illustrations will suffice to show the interesting and 
valuable results which may be obtained by assigning problems of the above 
type to students of elementary physical chemistry. 

6 One student raised the following interesting question: If decrease in pressure 
“breaks up” c. b. mixtures, in general, would increase in pressure produce c. b. mixtures? 
Such a student can with profit be referred to such a book as Hildebrand’s ‘“‘Solubility,” 
where the effect of temperature and pressure on deviations from Raoult’s Law is con- 
sidered in some detail. 
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THE INSTITUTE OF CHEMISTRY OF THE AMERICAN CHEMICAL SOCIETY 
Second Session, July 23—August 18, 1928 


Following is the list of speakers who have accepted for the second half of the In- 
stitute. Their dates and subjects are: 


Monday, August 6th 


Dr. B. T. Brooks, consulting chemist of New York, will speak on ‘‘The Present 
Limits of Our Knowledge of Petroleum Hydrocarbons.”’ Dr. Brooks is the undisputed 
authority on the non-benzenoid hydrocarbons. Moreover, his lifelong connection with 
the petroleum industry, as an expert and consultant, fits him for this work. 

Dr. Gustav Egloff, Universal Oil Products Co., will give a talk on the general sub- 
ject of “Oil Emulsions.’’ ‘This is part of a general program on ‘‘Petroleum Research.” 
This spring Dr. Egloff became famous at St. Louis when an attorney asked him what he 
knew about oil emulsions. He then proceeded to testify for several weeks without 
exhausting his information. He has promised to condense this material into about one 
hour for the benefit of the Institute. 

Dr. W. F. Faragher, Universal Oil Products Co., will discuss the subject of ‘“Re- 
search in Petroleum.”’ Dr. Faragher has been intimately connected with this subject 
since his early days as one of the first industrial fellows of Robert Kennedy Duncan at the 
University of Kansas: Before joining the staff of the Universal Oil Products Company 
he was an associate director of the Mellon Institute. He is probably best known for his 
very excellent work in the difficult field of sulfur compounds in petroleum. 

Paul Nicholas Leech, director of the Laboratory of the American Medical Associ- 
ation, will lecture on ‘‘Chemical Quackery.”’ 


Tuesday, August 7th 


Mr. W. J. Kelly, Resinous Products Co., Philadelphia, will speak on ‘‘Resins,”’ 
especially those used in lacquers. 

Dr. R. H. Kienle, of the General Electric Co., will speak on the general subject of 
“Alkyd Resins.’”? These include the so-called glyptal resins made from phthalic an- 
hydride and glycerol, and the other and newer types of resins made by substituting other 
poly-alcohols for glycerols. This type of resin is becoming increasingly important, due 
to the lowering of the price of phthalic anhydride and of the poly-alcohols such as glycols 
and poly-glycols, which are now being obtained from cracked petroleum gases. 

Dr. L. V. Redman, Bakelite Corporation, will take part in the discussion of ‘‘Phenol 
Resins.” In the evening he will give a lecture on ‘‘The Economics of Research.”’ Dr. 
Redman is director of research for the Bakelite Corporation, and has made a hobby af 
this most interesting subject. 


Wednesday, August 8th 


Mr. M. J. Callahan, of the du Pont Company, will speak on the general subject of 
“The Development of the Lacquer Industry.”” Mr. Callahan is chemical superintendent 
of the Parlin, N. J., plant of the du Pont Company. 

Dr. Robert Calvert, of Van Schaack Brothers, Chicago, will speak on “The Relation 
of Structure to Properties of the Newer Lacquer Solvents.” 

Dr. D. B. Keyes, head of the industrial chemistry at the University of Illinois, 
will speak on the general subject of ‘““Lacquers.”’ Before going to Illinois, Dr. Keyes 
was with the U. S. Industrial Alcohol Co. During his short stay in the Middle West he 
has made himself universally respected as an authority on chemical engineering. 





886 JOURNAL OF CHEMICAL EDUCATION Juty, 1928 





Thursday, August 9th 


Dr. William Blum, of the Bureau of Standards, and Mr. J. J. Bloomfield, physical 
chemist of the Public Health Service, will give a joint paper entitled ‘‘Health Hazards in 
the Electroplating Industry.”” They will pay especial attention to the hazards of the 
newly created chromium plating industry. Chromium plate is rapidly becoming one of 
the most important means of protecting metals from corrosion. 

Dr. C. E. Kenneth Mees, director of research of the Eastman Kodak Company, 
will give a lecture illustrated by motion pictures, on ‘“The Photographic Image.” 


Friday, August 10th 


Mr. E. B. Carter, director of research of the Swan-Myers Company of Indianapolis, 
will speak on ‘‘The Story of Pollen Extracts.’’ Mr. Carter, as director of the biological 
laboratories, has had control of the development of these important materials which have 
done so much to remove the effects of the various forms of hay-fever. 

Mr. C. C. Hubbard, Director of the National Association of Dyers and Cleaners, 
will give a talk on ‘“The Modern Cleaning Industry.’ ‘Mr. Hubbard is head of a most 
successful research institute which the Association has recently established at Silver 
Spring, Md., a suburb of Washington. 


Saturday, August 11th 


Dr. W. T. Bovie, professor of biophysics at Northwestern University Medical 
School, will speak on ‘“‘The Chemical Aspects of Living Cells.’? This will be part of a 
general program on “‘Chemistry in Relation to Life Processes.”” Dr. Bovie was formerly 
professor of biophysics at the Harvard Medical School. He is not only a good physicist 
and biologist, but is also a good chemist. 

Professor H. Gideon Wells, of the department of pathology at the University of 
Chicago, will give a lecture on “‘Immunology as a Branch of Chemistry.” 

Dr. Cyrus B. Wood, major in the Medical Corps, U. S. A., will give a talk on ‘The 
Chemical Sterilization of Water.” 

Dr. Ellice McDonald, of the Graduate School of Medicine of the University of 
Pennsylvania, will speak on ‘“The Chemical Aspects of Vital Systems.’”’ . Dr. McDonald 
is a physician who is intensely interested in the application of physical and chemical 
principles to the problem of life. He is especially interested in the study of the chemical 
and physical differences between cancer cells and normal cells. 


Monday, August 13th 


Wm. D. Hatfield, chief chemist of the Decatur Sanitary District, will speak on 
“Sanitation.” 

A. M. Buswell, of the Illinois Water Survey and professor of sanitary chemistry at 
the University of Illinois, will speak on ‘‘Water Supplies.” 

H. E. Jordan, filtration engineer of the Indianapolis Water Company, will speak on 
‘What Qualities Are Desirable in a Public Water Supply.” 

Dr. F. W. Mohlman, of the Chicago Sanitary District, will discuss the general sub- 
ject of “Sanitation.” 

Tuesday, August 14th 


Dr. C. Robert Moulton, director of the department of nutrition of the Institute of 
American Meat Packers, will speak on ‘“‘Recent Developments in Human Nutrition.” 

Dr. W. Lee Lewis, director of research of the Institute of American Meat Packers, 
will discuss the scientific work of the Institute. 
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Wednesday, August 15th 


John Arthur Wilson, of A. F. Gallun Co., Milwaukee, will give a talk on ‘The 
Present Status and Future Possibilities of Scientific Research in Leather.” 


Thursday, August 16th 
Mr. William Hoskins will give a talk on ““The Early Chemical History of Chicago.” 


Friday, August 17th 


J. C. Hostetter, manager of the Rhode Island Division of the Corning Glass Works, 
will give a talk on ““The Chemistry of the Manufacture of Electric Light Bulbs.” 
R. H. Bogue, Bureau of Standards, will speak on “Portland Cement.” 


Saturday, August 18th 


H. Edmund Bullis, executive secretary of the National Association of Chemical 
Defense, will speak on ‘‘The Reaction of the General Public to Gas Warfare.” 

Byron C. Goss, lake Erie Chemical Co., will speak on ‘‘Uses of Chemical Warfare 
Weapons.”” Mr. Goss is an authority on the use of tear gases and similar materials 
for checking crime. 

Colonel Harry L. Gilchrist, U. S. Medical Corps, and J. E. Mills, director of Edge- 
wood Arsenal, will speak on ‘“‘Present Problems of Chemical Defense.’’ Colonel Gil- 
christ is the outstanding medical authority on the after-effects of chemical warfare 
casualties. 

Dr. J. E. Mills, director of research, Chemical Warfare Service, Edgewood Arsenal, 
will also discuss ‘‘Present Problems of Chemical Defense.” Dr. Mills is especially 
interested in studying the whole problem of toxicity and the effect of poisons on 
living cells. Many of his discoveries have no direct bearing on warfare but are of the 
greatest value in peace-time problems. 

At 6.00 p.m. there will be an airplane demonstration of smoke screens, etc., and at 
7.00 p.m. there will be movies of chemical warfare. 

At 8.00 p.m. Dr. W. Lee Lewis will discuss the general subject of ‘Science in Na- 
tional Defense.”” He will show the part which the various sciences play in warfare. 
This will have the effect of removing the very common misconception that chemistry is 
the only science that features strongly in a destructive way. 

At 8.45 p.m. General Paul B. Malone, commanding sixth corps area, will speak on 
“National Preparedness.” 


This ends the list of speakers who have accepted for the second two weeks of the 
Institute. Announcement of additional acceptances will be made as they come in. , 


INSTITUTE OF CHEMISTRY OF THE AMERICAN CHEMICAL SOCIETY 
Week on Agriculture 


The week of July 23, 1928, at the American Chemical Society Institute in Evanston 
will be devoted to a discussion of the ways chemistry can help agriculture by developing 
markets for its products other than for food and clothing. ‘To date the twelve speakers 
listed hereafter have accepted the invitation of the Society to take part in the Institute 
sessions during the week of July 23rd. 








888 JOURNAL OF CHEMICAL EDUCATION Juiy, 1928 





W. E. Emley: Bureau of Standards, Washington, D. C. He has charge of the 
work supported by the Department of Commerce on the industrial utilization of farm 
wastes. He has made a careful and extensive survey of this entire field as to the past 
and the future. 

G. J. Esselen, Jr.: Skinner, Sherman, and Esselen, Boston, Mass. An expert on 
cellulose. He will discuss cellulose in modern industry and the influence of cellulose on 
civilization. 

H. T. Herrick: Color and Farm Waste Division, Department of Agriculture, 
Washington, D. C. He will discuss the processes by which molds are being used to 
convert corn sugar into valuable materials such as citric acid. It will perhaps soon be 
possible to go from corn to glucose and then to citric acid more readily than to go from 
cull lemons to citric acid according to present practice. 

H.G. Knight: The new chief of the Bureau of Chemistry and Soils of the Depart- 
ment of Agriculture, Washington. He will take a leading part throughout the week. 
He will pay special attention to future possible developments of agricultural chemistry 
along new lines. 

C. S. Miner: Miner Laboratories, Chicago. Under his direction furfural has been 
changed from a chemical curiosity found only in museums to an important industrial 
chemical sold in tank cars for a few cents a pound. Its largest use is in artificial resins. 
He will tell how this development took place but more especially how other similar ad- 
vances may be made. 

A. S. Richardson: Procter and Gamble, Ivorydale, Ohio. His subject will be 
hydrogenation, the process by which an oil like cottonseed oil is made to unite with 
hydrogen gas to form a solid fat suitable for cooking. 

G. A. Richter: Brown Company, Berlin, N. H. On the preparation of pure cellu- 
lose from wood. ‘This material can be used in place of cotton cellulose for almost all pur- 
poses. 
G. M. Rommel: New York. An expert agricultural economist, retained by the 
Department of Agriculture for special studies on Farm Wastes with special reference to 
the preparation of cellulose from them. 

H. J. Sconce: Cornstalks Products Co., 42 Broadway, New York, and Danville. 
The preparation of useful products from farm wastes. 

O. R. Sweeney: Iowa State College. Probably the greatest authority on the prepa- 
ration of hundreds of useful products from corn stalks and cobs. He is also working 
with the Department of Commerce on this problem. 

A. W. Schorger: Burgess Laboratories, Madison, Wis. <A leading authority on the 
chemistry and utilization of cellulose. 

R. W. Thatcher: President, Massachusetts Agricultural College. Formerly Dean 
of Department of Agriculture, University of Minnesota; formerly Director of New York 
Experiment Station. He will present the broader aspects of the subject with special 
reference to future possibilities. 

The conference and lecture and discussion periods will be divided according to days 


as follows: 


Monday, July 23—General survey of the present status of the problem. 
Tuesday, July 24—Corn. Products from the grain. 
Wednesday, July 25—Corn. Products from stalks and cobs. 
Thursday, July 26—Small grains. Products from straws and hulls. 
Friday, July 27—Cellulose. 
Saturday, July 28—Morning—Researches of immediate urgency. 
Afternoon—The ‘‘new competition” in agriculture. New materials, new uses for 
old materials, old uses which are endangered by new developments. 
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CULTURE AND TECHNIC 


The distinction between culture and technic unquestionably consti- 
tutes the first principle lying behind all those secondary but more visible 
differences that have so often been discerned between the generation of 
yesterday and the generation of today, according to Gaston Rageot in 
a recent article! on this subject. ‘The distinction between this theoretic 
development and practical training is clearly brought out in the intro- 
ductory paragraph: 


I had as neighbors in the country a Greek student who was almost a poet and a poet 
who was almost a Greek student. Each of these men rode in his own automobile, but 
the one was driven by the son and the other by the daughter. This young man and 
young lady were of the same age. They had as little taste for poetry and Greek as their 
fathers had for mechanics, and it is the same story in most modern households. When an 
accident befalls the electric current, who puts in the new fuse? Isn’t it always the same 
pair of hands that have shown themselves so skillful with the tennis racket, the pliers, 
and the scissors? The old people, having only learned how to think, do not know how to 
act, and the young people, who only know how to act, hardly occupy themselves with 
thinking at all. 

The former possess culture, the latter technic. 


Although our idea of culture might be fairly exact, could we state it as 
fully as does Rageot? 


Culture may belong to individuals or to groups. With individuals it presupposes 
a long process of education, and with groups a long tradition. It is a function of time, 
and increases in value the longer it lasts. Nations who possess culture have a history, 
and individuals who have attained it possess experience. It does not illuminate the 
world in flashes, nor does it proceed by leaps and bounds. It is continuous and slow. 
One must participate in it one’s self to recognize it in others. 

It is proper to masters, not to pupils. It loves wrinkled foreheads and baggy 
trousers. People without it pretend to regard it as pedantry, but there is no more in- 
genuous error, since culture does not involve knowledge, but exercise of the mind. It 
implies no particular ability, but rather a general capacity. Just as a good athlete 
endeavors to develop muscular strength and suppleness, so a refined education merely 
attempts to assure intellectual liberty and fairness, moderation and delicacy of sensi- 
bility, and the regular and gentle exercise of the will. Although it comes from the past, 
it is above all a potentiality, and its merit lies in the future that it envelops. It is more 
a method than a science: it is more an attitude than a bag of tricks. 

.... The cultivated man has stopped making himself the measure of things, and the 
first sign of culture is to admit the possibility of another person’s existence. 

Seen in this way, culture is entirely turned upon itself—upon the subject, as the 


1“Culture and Technique,’ Gaston Rageot. The Living Age, 334, 928-32 (June, 
1928). ‘Taken from L’J/lustration (Paris illustrated literary weekly). 
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philosophers say—and whoever acquires it is transformed. It influences all aptitudes 
and tastes; it modifies all human functions; it is literary, artistic, and worldly; it isa 
code of intellectual politeness and charming customs. Once it was the end and purpose 
of the humanist, and it still remains the flower of civilization, the fruit of society, the 
essence of empiricism, and the product of luxury. It serves no purpose except living. 





Contrast with this idea of culture that of technic: 


Technic, on the other hand, is turned outward toward the object. It modifies 
things, surroundings, the material elements of existence. Notice the difference between 
a growing boy making a translation and changing a spark plug. In the first instance it 
is he who profits; in the second it is the automobile. Technic is scientific, industrial, 
practical. It includes all the processes through which man acts upon matter. It began 
in the caves when stone weapons were fashioned. It fulfills its function triumphantly 
on the surgeon’s operating table and in the standardized automobile factory. It confers 
skill upon its possessor, not superiority. It increases the productivity, but not the value, 
of individuals and peoples. 


In the light of these definitions, Rageot continues by showing that, in 
the present day, Europe is dominated by culture whereas in America 
technic reigns. In discussing the modern world, he continues: 


The older cultural nations are adapting themselves to technic, and the young 
technical nations are improvising aculture. America is searching for a past, Europe for 
a present. A comparison of the United States and Japan indicates that it is easier to 
conquer a present than to acquire a past. Half a century is enough for industry, but 
how many centuries are needed for a tradition? 

scents We might classify nations according to how successfully they have main- 
tained their equilibrium between these two codes of discipline, one of which arises from 
science and the other from experience. 

... Facing these two opposing human codes, we are therefore reduced to asking 
whether the old European spirit or the young spirit of American standardization will 
carry the day. ; 

... As a nation becomes modern it goes in more and more for technic, and the 
question is, will technic finally suppress culture, or is the conflict merely superficial 
and fleeting? 

Rageot’s answer to this question and his prediction for the future are 
summed up in his concluding paragraphs: 


. . . . Modern technic has not rendered necessary the disappearance of old- 
fashioned culture, but its transformation. All Greco-Latin civilization was based on 
experience; all modern civilization is based on science. ‘Technic is therefore sover- 
eign in its own domain, and its reign is absolute. The culture of the future will re- 
semble ancient culture, but instead of opposing technic it will embrace it, harmonize 
it, and get beyond it. 

Live® Since man’s great means of action, science, is also a path to culture, let us learn 
the management of material things, let us learn the proper way to develop our souls, and 
lead them firmly forward. ‘That will be to-morrow’s task. 


Educators? in this country are still concerned with the lack of culture 
2 “Blind Alley toward the Stars: Where College and Life Fail to Meet,” R. C. 
Francis, Education, 48, 593-601 (June, 1928). 
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in our colleges and in the more difficult problem of enabling students to 

retain and enhance through after life whatever culture they have received. 
No one would deny that true culture is based on sincerity; and that the 

breadth of outlook and discipline of taste of the cultured man or woman 

imply a degree of maturity beyond the years of most undergraduates. 
Nevertheless, 


. . college life is always at least an approach to culture; and . . . however meager 
and tentative and uncertain are the tastes and habits it instils, they are as far developed 
as may be expected of young people recently come from and soon to return to an es- 
sentially philistine world. ..... We have regretted often and loudly that the college 
frequently fails to teach students to appreciate, discriminate, desire the best; but of 
what value is it for a college to try to achieve these results if they will, nine cases out 
of ten, die of dry rot a few years later? . . . . Some value there will be. Their life will 
possess a breadth of background, their thinking will be richer in associations, perhaps 
keener, than would be true had they never gone to college. .... But what of the fact 
that those books and lectures and discussions which must have had some significance 
while they lasted were set aside at graduation even more abruptly than they had been 
begun? 

ee aes Do these intellectual experiences really stop, do they have to stop, at the 
end of college for those to whom they are congenial? 


Other questions which come to our mind are: Is culture something to 
be achieved by the few worthy and willing ones after college, perhaps in 
spite of it? What of the vast majority of students—the awakened but 
mediocre ones? Must these at graduation give up those things for which 
they were beginning to have an inclination? Dr. Francis suggests various 
methods used by this class of students to gain the leisure for the interests 
and pursuits discovered in college. Certain facts and attitudes are sug- 
gested to help them out of this difficulty. In conclusion he says: 

Some day a Utopia, a Brookfarm or a Fruitlands, may achieve success, or the whole 
social system (or lack of it) may be so modified or transformed that the sincere but 
second-rate student, thinker, writer, or artist may find a humble place. Under existing 
conditions each man so disposed must work out his own salvation. Every man or woman 
born into the thrilling world of thought and beauty, and wishing to retain citizenship 
there, must, for many years to come, decide pretty much for himself what price he is 
willing to pay. And the more successful higher education becomes for large numbers 
of people, the more acute will this problem be: how to prevent those finest four years 
of a man’s life from becoming a blind alley—a blind alley pointing toward the stars. 


M. W. G. 


Blood Changes May Cause Postoperative Illness. The severe nausea which is the 
lot of most patients after major operations may be due to chemical changes in the blood, 
according to K. Reuterskiold and Dr. Edmund Andrews of the University of Illinois 
Medical School. These investigators have analyzed the blood from a number of such 
patients and have found striking changes in the proportions of calcium and potassium 
in the blood. They hope to prove that these changes are the primary cause of the sick- 
ness that follows operations, for no other changes sufficient to cause illness were found.— 
Science Service 





. 
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ABSTRACTS 


The Vicissitudes of Boerhaave’s Textbook of Chemistry. TENNEY L. Davis. 
Tsis, 10, 33-46 (March, 1928).—Boerhaave’s great textbook of chemistry would probably 
never have been written if the ungrateful task had not been forced upon its author. 
His students, impatient for a textbook, collated and edited their lecture notes and pub- 
lished the “INSTITU TIONES ET EXPERIMENTA CHEMIAE,” 2 vols., 8vo, in 1724. 
This spurious work bears Boerhaave’s name on the title page and indicates Paris as the 
place of publication, but was probably printed at Leiden. Boerhaave was angered by 
the spurious work, repudiated it altogether, and resigned his professorship of chemistry. 
At length, in response to the urgency of his friends, he published his authentic ELE- 
MENTA CHEMIAE, 2 vols., 4to, Leiden, 1732, and wrote his autograph on the back 
of the title page of every copy of the first edition in order that the reader might be sure 
that the work was really his own. More than thirty editions of the textbook are enu- 
merated, and the title pages of the spurious edition, 1724, of its English translation, 1727, 
and of the authentic work (obverse and reverse), 1732, are reproduced. T. L. D. 

Direct Evidence of Atom Building. R.A. MILLIKAN AND G. H. CAMERON. Science, 
1737, 401 (April 13, 1928).—New and more precise measurements on the cosmic rays 
give quantitative evidence that these rays are generated by the creation of atoms from 
simpler units. This is a reversal of the familiar radioactive transformations. Bands 
in the cosmic ray spectrum have been found to correspond well in frequency with those 
calculated for the creation of the helium, nitrogen, oxygen, silicon, magnesium, and iron 
atoms. G. H. W. 
X-Ray Reflection. J. Harris GaBLeE. Nebr. Alumnus, 24, 213-5 (Apr., 1928).— 
Reflection of rays from plane surfaces of nickel, platinum, silver, glass, and quartz is 
described in terms of research work under way at the department of physics at the Uni- 
versity of Nebraska. Methods of preparing the reflecting surface and of making 
the measurements are described. ‘Thickenss of surface film used seems to be a factor 
influencing the angle of reflection. Bue. i. 

Burette-Reading Device. M. Hyman. Chem. & Ind., 47, 100 (April 6, 1928).— 
The description, with illustration, of a simple device effective in (1) providing suitable 
illumination of the meniscus and (2) avoidance of parallax error. A piece of white 
celluloid about 3 in. by 11/, in. has the lower 2/; of its surface blackened. A piece of 
transparent celluloid is fastened at each end over and coincident with the blackened 
portion, thus leaving a space between the two pieces through which the burette may be 
slipped. ‘The eye is brought into position such that the upper edge of the transparent 
celluloid (in front of the burette) and the upper margin of the black area (behind the 
burette) are seen as one coincident line; the device is then raised or lowered until this 
line forms a tangent to the black crescent of the meniscus. E.R. W. 

Making Maple Sugar. H. G. WALKER. Chem. Buill., 15, 129. (Apr., 1928).— 
An account of the process of making maple sugar as was formerly carried out in the 
North. While the manufacture was based on elementary chemistry it was but crudely 
carried out. The mechanism of the reactions was not considered; results were all im- 
portant. eas: a 
The Theory and Practice of Pickling. Pau, V. BLAckBURN. Inco, 8, 104 (Apr., 
1928).—Pickling is an acid treatment of metals to remove scale and rust. The iron 
scales are of three sorts: F.0O3.H.O; Fe.O3;; and Fe;04. The scale removal is more largely 
accomplished by mechanical action of hydrogen than by solution. Acid commonly 
used is sulfuric of from 2 to 15 per cent concentration. Heat is used as a speed aid to 
action. Difficulties which have to be guarded against are; fumes, acid pitting, and acid 
brittleness due to the absorbed hydrogen. Inhibitors are used to prevent the last 
trouble. High carbon steel reacts so rapidly with the acid that it is difficult to pickle. 
Inhibitors aid in pickling such steels by being deposited upon that part of the steel 
where the action is most vigorous, and slowing down acid action, so preventing pitting 
and other objectionable effects. Care is taken that little acid is wasted in the process. 


: B.C. EF. 

Sunlight in Industry. L. V. Dopps. Sci. Progr., 22, 655-9 (April, 1928).—The 
therapeutic uses of ultraviolet light in industry may be divided into three classes: ir- 
radiation of the worker to produce higher personal efficiency; the treatment of minor 
diseases and wounds; and the irradiation of the atmosphere and materials used to pro- 
duce better conditions of labor and consequently increased output and efficiency. It 
is also used in industry as a catalyst, as many chemical reactions are hastened by it. 
It may be used as a sterilizer for milk, foodstuffs, swimming pools, etc. Most substances 
when illuminated by ultraviolet light give off a specific fluorescence. This property 
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is used in chemical analysis and in detection of adulteration. In agriculture, chickens 
after exposure to the light lay larger eggs; grain and sugar mature more rapidly. 


Modern Magic. Epirortau. Colliers, 81, 58 (May 19, 1928).—Two University 
of California professors took some wheat apart and decided that they knew what made 
it work. They put some grains in water, added the chemicals that growing wheat 
makes for itself in the field, darkened the room, turned on twelve special lamps of 300 
candle power, and in seven weeks less than it takes a field wheat grower to get his crop, 
they had mature wheat of superior quality. 

It was an application of all the useful knowledge about growing things that has 
been derived by a host of experimenters plus the deductions of the two professors and 
their zeal to shove back the wall of ignorance another foot or two. 

Professors are doing things like that right along, working more real political change 
than the Congress of the United States. 

Universities and Their Function. Aurrep Norra Wuirenrap. Aélantic M 0., 
141, 638-44 (May, 1928).—Universities are schools of education and schools of research. 
But the primary reason for their existence is not to be found either in the mere knowledge 
conveyed to the students or in the mere opportunities for research afforded to the mem- 
bers of the faculty. The justification for a university is that it preserves the connection 
between knowledge and the zest of life, by uniting the young and the old in the imagina- 
tive consideration of learning. ‘The university imparts information but it imparts it 
imaginatively. The task of the university is to weld together imagination and ex- 
perience. The universities have trained the intellectual pioneers of our civilization. 
The cultural histories of nations bear witness to the influence of universities. 

The way in which a university should function in the preparation for an intellectual 
career is by promoting the imaginative consideration of the general principles underlying 
that career. The routine then receives its meaning and illuminates the principles which 
give it that meaning. To accomplish this efficiently the two functions of education and 
research should meet together in a university. Education is discipline for the adventure 
of life; research is intellectual adventure; and the universities should be homes of 
adventure shared in common by young and old. G. W. S. 

The Function of the University. G. J. Lainc. Sch. and Soc., 27, 315-25 (March 
17, 1928).—In order to make clear the original meaning of the word university the reader 
is taken back to the Middle Ages when a group of law students gave to the association 
which they formed the name universitas. Meaning then a sort of guild, with self-pro- 
tection as its object, many such organizations sprang into existence. 

Coming down through the ages, the term “‘university’’ became limited to the educa- 
tional field while ‘‘college’’ even now may have other than academic connotation. The 
advancement of learning chiefly through teaching and research is discussed by the author 
and unfortunate existing conditions in modern educational methods are vividly de- 
scribed. 

: The existence of some feeble-minded members on the faculty of practically every 
institution is one of the unfortunate drawbacks to increasing efficiency. Such members 
through their lengthy service as untrained, routine workers have drifted along finally to 
rest back on professional oars—there to remain till death. Death in most cases, the 
author says, is slow in coming for ‘‘there is no stress in those lives, no wear and tear, 
nothing to harden the arteries or raise the blood pressure. . . the fret of thinking long 
since over .. . no thrill, unless indeed that slight titillation of the cockles of the heart felt 
as the hand closes on the monthly check.”’ 

In an effort to have a higher standard of education many colleges are trying ex- 
periments; the Meiklejohn at Wisconsin, the curriculum revision at Dartmouth, and the 
tutorial system at Harvard. No doubt a general reorganization of college education 
will follow and a system that will develop a mind trained to constructive thinking will re- 
sult. The apex of the university problem is the graduate school with its admission of 
undergraduates to graduate courses and a consequent lowering of standards. Another 
difficulty lies with the professor whose courses are not of graduate caliber. A third 
hindrance is that this so-called advanced work seldom leads to constructive thinking. 
True graduate work has been defined as work ‘“‘in which the instructor and student 
coéperate in an attempt to find the solution of some hitherto unexplored problem.” 
Undergraduate methods must be eliminated from the graduate school and the research 
side built up; consequently, the establishment of research institutions in the university 
appears to be the only feasible solution. . 8. H. 

Growth through Professional Reading. L. M. Terman. J. Natl. Educ. Assoc., 
17, 137-8 (May, 1928).—The up-to-date teacher should read at least three new educa- 
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tional books and two educational magazines each year. The new educational books 
deal with mental tests, achievement tests, backward or gifted children, delinquency, 
education for citizenship, vocational education, and vocational guidance. They also 
show a general shift in content, aim, and method of exposition. High-school teachers, 
after years of preparation in college, should not feel that upon graduation future studying 
is unnecessary. Since long-continued classroom teaching has a narrowing effect, 
teachers should broaden themselves by participation in community affairs and 3 read- 
ing. A. E. C. 

Enlistment and Training of College Teachers. Otis E. Ranpaui. Bull. Am. 
Assoc. Univ. Profs., 14, 276-7 (Apr., 1928).—The most direct agency for enlistment of 
teachers for college work is the college teacher himself. His life work and example 
places the profession in a favorable light, when compared with other callings, if his work 
is well done. 

Little consideration has been given to any provision for special training of candidates 
for college teaching. The belief prevails that after a man has completed his course in a 
graduate school he should be able to teach. ‘To say that a college teacher needs no 
particular training . . . in methods of teaching is just as ridiculous as to say that .. . the 
musician needs no instruction or training in the technic of his profession.” 

Much may be accomplished toward improvement in methods of college teaching 
if college faculties will become their own teachers. They would learn much that is in- 
structive and helpful through experiments, class visitations, conferences, and a 


H. 
Teaching as a Profession. R. W. Limpacu. Wash. Educ. J., 7, 296. 7 “(April 
1928).—Mrs. L. discusses the requirements of a teacher, as to personality, social in- 
telligence, appearance, and understanding of human nature. She mentions the over- 
crowded fields, history and English, and the combination of subjects which the beginning 
teacher is often expected to take charge mg 
A Silent but Forceful Influence. . 8. WEET. J. Nail. Educ. Assoc., 17, 147 
(May, 1928).—A picture is given of the git Re teacher. A. E. C. 
Teachers’ Salaries—A Constructive Program. J. K. Norton. J. Natl. Educ. 
Assoc., 17, 149 (May, 1928).—To maintain past gains and insure future increases in 
teachers’ salaries, definite steps must be taken. First, a dynamic self-respect for the 
economic importance of the teachers’ calling, and a determination to accept no sub- 
stitutes for a salary appropriate to such a calling; second, the substitution of an intelligent 
for the present laissez-faire policy of teacher preparation, so that the number of teachers 
graduated each year will balance with the number of new positions which a trained 
teacher will accept; and third, persistent campaigns for better salaries through strongly 
organized professional teachers’ associations—local, state, and national: ie) a Be 
Teachers’ Pensions. J. H. BEvERIDGE. Am. Educ. Digest, 47, 343 (April, 
1928).—Retirement ages and pension rules should be made with the evident aim of more 
efficient service and the protection of the schools. Unused portions of the retirement 
amount may be paid to beneficiaries, but the sum so paid should not exceed the amount 
contributed by the teacher plus reasonable interest. It isa commonly accepted principle 
that the cost of pensions should be shared by the teacher and the state. Every teacher 
should have the opportunity of participation. Je Wi. Eb. 
Counteracting Influences in Moral Instruction. E.H. Rocrers. Wash. Educ. J., 
7, 231-2, 257-8 (April, 1928).—The assumption that the schools must bear the re- 
sponsibility for moral training is not entirely true. The home and the church have not 
completely ceased in moral training, and the school is not capable of carrying the whole 
burden. Some claim that the schools have broken down in their moral training, because 
we do have more crime per capita today than in the past. However, there are more laws 
to be broken. Mr. R. classifies the counteracting influences in the matter of moral 
training under the following headings: broken homes, politics, business practices, ad- 
ministration of justice, and movies. A B€ 
Education for Moral Growth. M. A. Auitrucker. J. Natl. Educ. Assoc., 17; 
151-2 (May, 1928).—Morals may be taught directly or indirectly. The indirect method 
is the method most generally favored. The school faculty as a group can promote char- 
acter development of the student body by studying the physical, psychological, and social 
traits of pupils from kindergarten through high school; by selecting desirable character 
traits for the various levels; by developing methods of realizing these objectives through 
the various grades, school subjects, extra classroom activities, and home-room periods. 
Sixteen ways are listed by which teachers can help pupils with their individual moral 
needs and teach them to play the game of life squarely. Miss M. also discusses the 
parts other personalities and religion play. Ao Wo, 
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Scienceand Ethics. J. B.S. Hatpane. Harpers, 157, 1 (June, 1928).—Science 
infringes upon ethics in at least five different ways; its applications create new ethical 
situations; it may create new duties by pointing out previously unexpected consequences 
of our actions; it influences our views as to the nature of the world by supplanting 
mythology; it shows that any given ethical code is only one of a number practiced 
with equal conviction and almost equal success; in fact, by creating comparative ethics, 
the scientific point of view (high regard for truth, suppression of emotion, etc.), it may 
profoundly affect ethics. 

The second of these relationships is most beneficial, in that it leads to improving 
the physical conditions of our neighbors. 

The greatest danger to which our ethical system is exposed from science is the de- 
liberate exploitation of scientific ideas in the interests of unscientific prejudice. De- 
ductions made by some eugenists are cited asexamples. Science from its nature can only 
say what is, was, or will be, and not what ought to be. But our views as to the status 
of good action are profoundly affected by our views of the universe. 

We can begin to apply scientific method both to individual moral problems and to 
morality itself. It will require a long time to accomplish this, but it represents the uni- 
fication of human effort, the marriage of mind and heart, the moralization of science, and 
the rationalization of ethics. Ja We kis 

What Group of Sciences Does Sigma Xi Represent? Hrnry Crew. Sigma Xi 
Quart., 16, 36-40 (March, 1928).—What is the content of the word ‘“‘science?”’ After 
noting that there may be normative sciences, including mathematics, logic, ete.; his- 
torical sciences, concerned with the past and its interpretation ; physical sciences, in- 
cluding biology, physics, and chemistry; mental sciences, having to do with “phenomena 
peculiar to individuals;’”’ and utilitarian sciences, embracing medicine, engineering, and 
economics: Doctor Crew concludes that Sigma Xi stands mainly for physical sciences 
(including the sciences which deal with life) and their three allies, mathematics, engineer- 
ing, and medicine. B.C. hy, 

Scientific Fantasies. D. W. HeErinc. Sci. Mo., 26, 430-2 (May, 1928).—Is 
science out of place in the realm of fancy or fancy in the realm of science? The reaction 
to this of a person who is not supposed to deify trade or manufacturing is to look upon 
science as at bottom prosaic if not actually sordid. We hear of art for art’s sake but we 
do not hear enough of science for the sake of science. The physicist and chemist of the 
twentieth century pictures to us the shattering of the atom and the construction of a 
world. ‘The scientist is glad if his discoveries can contribute to man’s economic welfare 
and material comfort but he believes that the chief contribution of science to civiliza- 
tion is its effect on thought and conduct. G. W. S. 

The Most Fascinating Chase on Earth. E.Grureninc. J. Natl. Educ. Assoc., 17, 
153 (May, 1928).—An editorial quoted from the Evening News, Portland, Me. 

Mr. Lowell of Harvard at the Boston convention said, ‘They scatter their powder 
in trying to teach too many things and end by teaching nothing well, and in trying to 
make studies pleasant they have made them easy and they need to be hard.” Mr. G. 
maintains this is the Puritan concept and that something need not be hard and painful, 
to be worthwhile. He feels that education need not be hard but may be made the most 


fascinating chase on earth. A. EB. C. 
Research in Colleges. Maynarp M. Mercatr. Bull. Am. Assoc. Univ. Profs., 

14, 277, 279 (Apr., 1928).—‘‘In a teacher the spirit of productive devotion to his subject 

and of keen enjoyment in it . . . is highly contagious. We should expose our college 


students to this contagion.” 

To get such “productive devotion” the author suggests: (1) let it be expected of 
them; (2) their work should be so planned that a ‘‘reserve of energy and of time”’ is 
left for it; (3) remuneration should be such that no gainful work outside of the teaching 
will ever be considered. Other suggestions include: a ‘“‘research fund,’ to assist in such 
work; help from a special budget item in each department; clerical work cared for by 
clerks and not teachers, and research assistants provided just as laboratory or teaching 
assistants are. 

There is an unfortunate slump in the research of young doctors of philosophy when 
they begin teaching. They need some help to keep a better balance between their re- 


search activity and their more recent interest, teaching. B.C... 
Research an Educational Asset. B.S. Hopkins. Science, 1739, 427 (April 27, 
1928).—Honors Day address at the University of Illinois. “C H. W. 


The Pathfinder in the Wilderness. M. L. SpENcER. Wash. Educ. J., 7, 233-4 
(April, 1928).—Excerpts from the inaugural address of M. Lyle Spencer as President of 
the University of Washington, Feb. 22, 1928. A. B.C. 
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The Junior College. CommirrErE Report. High Sch. Quart., 16, 185-8 (April, 
1928).—The evolutionary process in education has brought us to two years which in some 
measure correspond to the freshman and sophomore years at college, namely ‘‘the 
Junior College.” California has provided, by law passed in 1907, something similar to 
this in the post-graduate courses of two years following the high- school four years. 
Most of the work of the first two years of the American college is conceded to be of 
secondary school grade. Pedagogical, social, physical, and economic reasons are given to 
justify the Junior College. Topics such as cost of buildings, equipment, and the employ- 
ment of teachers are discussed at length. The Junior College movement cannot be 


checked, therefore it should be carefully guided. J. HuG. 
News from the Front. EpwinC. Broome. The News Letter, 24,8 (May, 1928).— 
“Tt would seem ... that in a properly conducted school, where the individual 


students are properly guided, where their interests are well looked after, where the in- 
structors assume the responsibility of having a minimum of wastage in the material 
entrusted to them, where the principal and all of his or her assistants consider that it is 
the duty of the school to create successes rather than to eliminate failures, where they 
are more interested in the ninety per cent who will be just ordinary students than they 
are in the ten per cent who will be star performers, at least ninety per cent of the students 
ought to attain an average of seventy. Admitting the fact that many students are dull, 
others are indifferent, some may come into the school or into the class insufficiently pre- 
pared—admitting these accidental conditions, just as a manufacturer expects to find 
flaws in material and imperfections in machines, still we must accept responsibility for 
several factors in the process, to wit: the requirements of the syllabi, the standards set 
by the principals, department heads, or teachers, the character of instruction and dis- 
cipline, and the attitude of the teacher toward the pupil. 
“We shall soon arrive at another promotion period in our schools. What is going to 
be the measure of our success as teachers?” J... ..G. 
Predictions from High-School Performances. FE. S. Jones. Sch. and Soc., 27, 
339-40 (March 17, 1928).—Reasons for his belief that high-school records are more satis- 
factory than Intelligence Tests or College Entrance Exams. as a basis for prediction of 
the quality of college work of which a student is capable are stated by the author, who 
also gives his experience with such records at the Univ. of Buffalo. K. S.-H. 
The Relation of Secondary Schools to Colleges. A. LAURENCE LOWELL. High 
Sch. Quart., 16, 156-60 (April, 1928).—In an address before the N. E. A. convention, 
Lowell attacked the teaching methods and high cost of the public schools of today. He 
was severe with western educators for some of the fads for which they especially are held 
responsible. The schools are not effective; students’ time is wasted; too many things 
are being taught. We have been slighting individual effort. There should be more 
willing coéperation on the part of students. Self-education should be cultivated. 
More attention paid to its problems; its conditions; its possibilities and its limitations, 
may hereafter prove to be the road toward economy as well as efficiency. J. H. G. 
Teaching the Scientific Attitude. CLARENCE E. Baer. High Sch. Teacher, 4, 
166 (April, 1928).—The editor believes that the teacher should be so familiar with 
scientific research and the spirit of science that his classroom works and acts are con- 
stant demonstrations of the mental habits of the scientist. Ten scientific habits are 
listed and discussed as a tentative analysis of the scientific attitude. The habits listed 
are: (1) careful experimentation; (2) facts take precedence over traditional beliefs; 
(3) argument for argument’s sake is not considered profitable; desire to win in argument 
gives way to desire for truth; contention has been abandoned, and the spirit of codper- 
ative effort to get at truth has been substituted; (4) secrecy is not considered profitable; 
(5) no patents are taken; (6) full and free publication; (7) criticism sought and appre- 
ciated, not opposed; (8) credit given very strictly to others where due; (9) knowledge 
never regarded as final, complete, or perfect; (10) the belief in law. E.L.M. 
Water-Tight Compartments of Education. W. B. McDanieL. Gen. Mag. and 
Hist. Chron., 30, 315-9 (April, 1928).—The passing-by of an emeritus professor of 
a prominent university by several students without the least sign of recognition on their 
part, when this professor had been accustomed to greetings from hundreds of students 
in former days is provocative of thought. It suggests a kindred phase of the situation 
where betterment would be possible. Students know very few members of the faculties 
of universities well. They do not have the opportunity to know well men whom they 
should be given the opportunity to know. They must often sit for entire half-years 
under the tutelage of misfits. Commonly the appraisements of teachers by the students 
are well grounded and to their credit. Scholarship and worldly recognition do not 
constitute the whole story of collegiate instruction. Some who are not scholars at all 
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have an inspiring influence over the lives of our youth. Educated in a German uni- 
versity, the writer had the opportunity of frequenting any lectures the first few weeks 
and before registration. There should be broken down in our universities the unnatural 
barriers which exist between and among departments. Exchange professorships are 
all the vogue today. Why not adopt the idea in our university in a modified form? 
A sister institution is trying out a new plan of declaring three weeks at the end of each 
term, free of all classroom work for upper classmen. While the students are reading 
diligently, the teachers are engaged in study and research. A Visiting Week or Visiting 
Fortnight is suggested wherein the student will get a “look in” on many departments 
and a “‘close up”’ of many college teachers. Keep in touch with alumni not alone through 
vocal participation at athletic games, but open up the lecture hall to them, that they 
may get a “look in’”’ on the intellectual life of their Alma Mater. There would not then 
be so many false reports of what is being taught in the classroom. A plea is made for 
the eradication of the unit-gathering, cut-counting systems of calculating the progress 
toward the bachelor’s degree. Expose the fallacies of such systems, and hasten changes 
that have additional merit. +H. G. 

State Universities and Public Education. L. D. Corrman. J. Nail. Educ. 
Assoc., 17, 1383-7 (May, 1928).—State universities have been developed from lower 
public schools. This has been done through the realization that by means of education 
the nation has become great. It has been shown many times that wealth follows educa- 
tion; therefore education is a sound investment. Each and every child should have an 
equal chance to study. All may not become leaders, but ‘‘intelligent followership may 
be quite as important in a democracy as intelligent leadership.”” Mr. C. disapproves of 
high tuition fees. Criticisms of mass productions are at fault. College standards have 
not necessarily been lowered. AB, 

The Simplified Calendar and the Schools. T. E. Finecan. J. Nail. Educ. 
Assoc., 17, 141-2 (May, 1928).—A brief history of the development of the present 
calendar is given. The suggested calendar consists of thirteen standard months with 
each month consisting of four weeks of seven days each, the first of each month beginning 
on Sunday. A new month will be inserted between June and July. The three hundred 
and sixty-fifth day will be December 29th but will have no week-day name and will be in- 
serted between Saturday, December 28th, and Sunday, January first. In like manner, the 
extra day in leap year will be June 29th. 

The adoption of the above calendar would simplify many details of administration 
in the educational systems. A school month would coincide with the calendar month. 
A school calendar would become fixed. ‘The general benefits which would be derived are 
summarized. A. Be &. 

Opportunities in Summer Schools—1928. A.Humpnurey. J. Nat. Educ. Assoc.,17, 
155-9 (May, 1928).—Miss H. has compiled a list of universities and normal schools which 
offer summer courses. She groups these under states and includes the dates of open- 
ing and closing of term or terms, last year’s enrolment, and special features. A. 
Extracts from the Boston Convention. J. Natl. Educ. Assoc., 17, 153-4 

A. 


May, 
1928). C. 


E. 

Statistician Scores Economic Waste from Cancer Deaths. Cancer costs on an 
average $1000 per case for medicine and nursing alone. Multiply this by 110,000, the 
number of cancer deaths in the United States last year, and there results an annual 
cancer bill of $110,000,000 according to statistics just compiled by Dr. Louis I. Dublin 
of the Metropolitan Life Insurance Company. 

When the economic value of the victims is computed from the actual dollars and 
cents earning capacity of the various age groups, cancer losses run up to over $680,000,- 
000 annually, a figure that Dr. Dublin has estimated equals a tenth of all the iron and 
steel manufactured in the country every year or all of the current income of the state of 
Louisiana. ‘This plus the sickness costs brings the grand total to $800,000,000. 

“If we had that much money loss every year through other forces of nature we 
would get busy and try to prevent it,” declared Dr. Dublin. ‘Expert engineers and 
others would be asked to concentrate all their faculties on the problem; but with matters 
of human life we are not so careful nor so anxious...... We must organize agencies 
of research on a grand scale. ‘Then the monster of cancer will surely, in time, be brought 
under control, just as the menace of other diseases has been.’’—Science Service 
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Stanford University. Professors James 
W. McBain and Robert E. Swain are 
spending the summer in Europe. The 
former, after stops to make addresses 
at Seattle and at the Colloid Symposium 
in Toronto, sailed in time to be in Bristol, 
England, on June 30th, where he was 
awarded the honorary degree of D.Sc. 
After attending meetings of various other 
scientific societies, he is to give an address 
at the meeting of the British Association 
for the Advancement of Science at Glas- 
gow and a course of lectures on ‘‘Sorption”’ 
at the University of Wales, returning to 
this country late in October. Professor 
Swain is to attend the Centenary of the 
founding of the Dutch Chemical Society 
and, as a delegate of the National Re- 
search Council and the National Academy 
of Sciences, the International Union of 
Pure and Applied Chemistry at The 
Hague in July, spending the remainder of 
the summer and early autumn in a survey 
of the chemical industries of France, Ger- 
many, and Scandinavia. 


University of Pittsburgh. Professor 
Alexander Silverman, head of the de- 
partment of chemistry of the University 
at Pittsburgh, delivered an illustrated 
lecture May 29th on ‘‘Recent Progress in 
American Glass Manufacture’ before 
the Congress Technique du Syndicat des 
Fabricants de Products Ceramiques at 
the Palais d’Orsay. The Congress held 
a three-day joint session with the 
American Ceramic Society whose members 
are touring Europe. Professor Silverman 
discuss.d recent improvements in the 
manufacture of plate and window glass, 
bottles, and electric light bulbs. The 
lecture clearly indicated that while glass 
factories in the old world still take the 
lead in art, America is head and shoulders 
above them in mechanical development. 


Professor Silverman delivered the same 
lecture on June 13th before the German 
Ceramic Society at Dresden, Germany. 


Georgetown University. At the final 
public meeting of the Chemistry Academy, 
May 10th, the guests and members were 
accorded another real treat. The speaker 
of the evening was Dr. Louis Warren, 
formerly associated with the American 
Medical Association, working in its labora- 
tories in Chicago for a number of years. 
At present, Dr. Warren is director of the 
Drug Research Unit of the Department of 
Agriculture. 

It was his first appearance before a 
Georgetown student body, and he was 
well received by the highly interested 
audience. During the course of his dis- 
cussion he related some very interesting 
cases where in the past both the general 
public and the members of the medical 
profession were tricked by the curative 
claims of various frauds. In his discussion 
of cosmetics he told of the lack of protec- 
tive legislation, and how the general public 
was wantonly exposed to grave danger as a 
result. He ended his instructive talk by 
stressing the need of stringent legislation in 
this regard. 


The University of Chicago. Dr. E. H. 
Brown of Wabash College was a laboratory 
visitor, May 19th. 

At the meeting of the Journal Club. 
May 8th, Mr. Vaughan discussed the Ra- 
dioactivity of Potassium and Rubidium. 

Professor Harkins delivered a paper at 
the Colloid Symposium held in Toronto, 
June 14th, 15th, and 16th. 

Mr. Joseph Chittum, instructor in 
Purdue University, has returned to Chi- 
cago to complete his research work. 

Professor W. A. Noyes of the University 
of Illinois will give a series of lectures and 
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conduct a seminar during the first six 
weeks of the summer quarter. 

Mr. Hartsuch has returned to the Uni- 
versity to complete his research work. 

Dr. R. S. Mulliken, Chicago, 1921, has 
been appointed an associate professor in 
the department of physics. Dr. Mulli- 
ken worked with Prof. Harkins for his de- 
gree on the separation of the isotopes of 
mercury. 

Mr. H. L,. Mason, Ph.D., Chicago, 1927, 
who has been connected with the teaching 
staff at Northwestern University this 
year, has accepted a position with the 
Mayo Foundation, Rochester, Minnesota. 
He will be associated with Dr. E. C. 
Kendall there. 

Dr. and Mrs. H. N. McCoy are on a 
tour through the southern states. 

Miss Florence Schott, M.S., Chicago, 
1926, will be at the University of Minne- 
sota next year. 

Mr. R. B. Cooper, candidate for the 
Ph.D. degree, has been appointed as- 
sistant professor of chemistry at Battle 
Creek College, Battle Creek, Michigan. 

Mr. E. N. McAllister, M.S., 1928, is now 
employed at Van Schaack Brothers Chem- 
ical Works, Chicago. 

Mr. H. H. Hopkins, Ph.D., 1921, re- 
cently became connected with the A. M. 
Todd Company, Kalamazoo, Michigan. 

Mr. E. C. Gilbert, Ph.D., 1922, associate 
professor of chemistry at the Oregon 
State Agricultural College, has been 
awarded a Guggenheim Fellowship for 
the year 1928-29. 

Miss M. L. Sherrill, associate professor 
of chemistry at Mount Holyoke College, 
will spend the next year at the University 
of Brussells, Belgium. Miss Sherrill has 
been awarded an International Fellowship. 

Dr. W. A. Noyes, Jr., presented a 
paper at the regional meeting at Minne- 
apolis, June 7th, 8th and 9th. 

Dr. Mary M. Rising and Miss Gaston 
also attended the regional meeting. 

The Kimberley-Clark Paper Company 
has recently employed A. Burg as a re- 
search chemist. Mr. Burg has completed 
his work for the degree of M.S. 





Washington Square College, New York 
University. Dean Kendall, F.R.S., Chair- 
man of the Chemistry Department, ad- 
dressed the Chemical Club of the Gradu- 
ate School of Princeton University on 
May 3rd on the “Abuse of Water.” 
He also addressed the local section of the 
American Chemical Society on ‘“Separa- 
tions by the Ionic Migration Method.” 

On May 12th Professor Kendall was 
elected an honorary member of the Amer- 
ican Institute of Chemistry. 

On May 17th the department of chem- 
istry of Washington Square College ten- 
dered Dean Kendall a farewell dinner. 
Fifty-nine members of the department 
were present on this occasion, which was 
enlivened by interesting addresses by 
Director of Laboratories, William C. 
MacTavish, Mr. Wade on behalf of the 
graduate students, and an interesting 
response by Dean Kendall and Mr. James 
Kendall, Jr. 

Dean Kendall will not sever his con- 
nections with the university officially 
until August, at which time he will return 
to Scotland to become the chairman of the 
department of chemistry at Edinburgh 
University. 


University of Minnesota. Frank C. 
Whitmore, chairman of the division of 
chemistry and chemical technology of 
the National Research Council, and head 
of the chemistry department at North- 
western University, was one of the 
speakers at the dedication exercises for 
the new building of agricultural bio- 
chemistry at the University of Minne# 
sota, St. Paul, on June 7, 1928. His 
subject was ‘““The Need for More Scien- 
tific Knowledge of the Products of Agri- 
culture.’ Tkis will be one of the chief 
topics to be discussed at the American 
Chemical Society Institute at Evanston, 
Illinois, from July 23 to August 18, 1928. 


The Pennsylvania State College.  ‘‘Col- 
lege trustees have appointed Dean Gerald 
L. Wendt to a newly created post as As- 
sistant to the President of the College 
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where he will be charged primarily with 
the further development of the program 
of research for the College; is to relieve 
the President of some administrative 
duties, and for the next academic year will 
be acting dean of the school of chemistry 
and physics. He assumes his new duties 
on July Ist. Dean Wendt has resigned as 
Director of the Battelle Memorial In- 
stitute, a position which he was to have 
taken July 1st, having tendered his resig- 
nation as Dean at the January meeting 
of the College Board of Trustees.”’— 
Faculiy Bulletin 

The Central Pennsylvania Section of 
the American Chemical Society had a very 
interesting meeting at Bucknell University 
on May 19th. The program included an 
inspection trip to the Sunbury Converter 
Works in the forenoon, a visit to the 
Priestley home and museum at Northum- 
berland and a tour of Bucknell campus in 
the afternoon. At the regular evening 
meeting, Dr. J. S. Ogburn of the Bucknell 
faculty gave a very interesting address 
on ‘The Platinum Metals.”’ Mr. Richard 
Oyler, a winner of one of the district 
prizes in the A, C. S. prize essay contest, 
was a special guest at the meeting. 

Dr. Emil D. Ries has resigned as Direc- 
tor of Industrial Research and will devote 
his entire time to instruction and research 
in Chemical Engineering. Prof. Wm. J. 
Sweeney has been appointed as Director 
of Industrial Research to succeed Dr. 
Ries. Prof. Sweeney has been on a leave 
of absence at the Mass. Institute of 
Technology for the past two years where 
he has been pursuing work for the doc- 
torate and carrying on investigations in 
the corrosion of metals. 

The Dyers and Cleaners Association, 
under the direction of Prof. Pauline B. 
Mack and others, had a meeting at State 
College on June 4th and 5th. The Dyers 
and Cleaners have contributed several 
valuable pieces of equipment to be used in 
investigation and instruction in textile 
chemistry at State College. Prof. Mack 


is a member of a textile standardization 
committee appointed by Secretary Hoover. 


Neo-Chemto. The Neo-Chemto-Ion, 
official publication of the Northeastern 
Ohio Chemistry Teachers Organization, 
after running through seven issues in 
mimeographed form, now appears as a 
full-fledged product of the printer’s art. 
The new format is made possible through 
the courtesy of the Chemical Rubber Co. 
of Cleveland, Ohio. 

Membership in Neo-Chemto is not 
limited to chemistry teachers of North- 
eastern Ohio; any chemistry teacher may 
become a member upon payment of one 
dollar. 

The Jon invites contributions and criti- 
cism from all. 


Northwestern University. Dr. Joseph 
H. Simons, of the chemistry department, 
Northwestern University, has received an 
International Education Board fellowship 
for study at Cambridge University, Eng- 
land, during the year 1928-29. He will 
be on leave of absence from Northwestern 
during that period. 

C. M. Suter, formerly of the University 
of Kansas and now a research associate 
at Yale University, is to join the chem- 
istry staff of Northwestern University in 
September. ; 

J. G. Aston, formerly of the University 
of California and now research assistant 
at Harvard University, will join the chem- 
istry staff of Northwestern University in 
September. 

Erich von Gebauer-Fiilnegg, assistant 
professor at the University of Vienna, has 
received a similar appointment on the 
chemistry staff of Northwestern Univer- 
sity. 

R. B. Reynolds, of the University of 
Wisconsin, has joined the chemistry staff 
of Northwestern University. 

R. K. Summerbell, of Ohio State Uni- 
versity, has accepted a position on the 
chemistry staff of Northwestern University. 
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Sir Isaac Newton, 1727-1927. A Bicen- 
tenary Evaluation of His Work. A 
Series of Papers Prepared under the 
Auspices of the History of Science 
Society in Collaboration with the Amer- 
ican Astronomical Society, the Amer- 
ican Mathematical Society, the Amer- 
ican Physical Society, the Mathematical 
Association of America, and Various 
Other Organizations. Edited by F. E. 
BrascH. Introduction by Davin Ev- 
GENE SMITH. The Williams and Wil- 
kins Company, Baltimore, 1928. ix + 
351 pages. 15.8 X 23.5 cm. $5.00. 


The thirteen chapters which compose 
this volume describe the fields of New- 
ton’s activities ‘in language that appeals 
to educated readers in general rather than 
merely to a small number of highly trained 
scholars.”” They “‘set before us an intel- 
lectual symposium which allows us to form 
a broader idea of his remarkable gifts.” 
Working, speculating, experimenting, writ- 
ing, as he did, in so many fields of en- 
deavor, an account of his activities sup- 
plies a general picture of the state of 
science in the latter part of the seven- 
teenth and in the early eighteenth cen- 
turies. The book is very readable and will 
give pleasure to those who cannot view 
the past as over and done with, who like 
to view things synthetically and in a state 
of flux. Science is one; progress is one. 
Newton, the greatest English thinker 
of his time, is no mere statue frozen forever 
in the Hall of Fame. He is great at the 
present moment if measured by the stand- 
ard by which all men of science must 
eventually be judged—because of the 
developments which have followed from 
his work, great because of the things 
which he started. 

The thirteen papers here brought to- 
gether were originally read at a meeting 
held in New York City, November 25 
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and 26, 1927, in commemoration of the 
bicentenary of the death of Newton, under 
the auspices of the History of Science 
Society—Newton in the Light of Modern 


Criticism, David Eugene Smith. Newton 
and Optics, Dayton C. Miller. Newton’s 
Philosophy of Gravitation with Special 
Reference to Modern Relativity Ideas, 
George David Birkhoff. Newton’s In- 
fluence upon the Development of As- 
trophysics, William Wallace Campbell. 
Newton’s Dynamics, Michael Idovrsky 
Pupin. Newton as an Experimental 
Philosopher, Paul R. Heyl. Develop- 
ments Following from Newton’s Work, 
Ernest W. Brown. Newton’s Twenty 
Years’ Delay in Announcing the Law of 
Gravitation, Florian Cajori. Newton’s 
Fluxions, Florian Cajori. Newton’s Work 
in Alchemy and Chemistry, Lyman C. 
Newell. Newton’s Place in the History 
of Religious Thought, George S. Brett. 
Newton in the Mint, George E. Roberts. 
Newton’s First Critical Disciple in the 
American Colonies—John Winthrop, Fred- 
erick E. Brasch. 

Newton’s interest in chemistry was 
very much like that of any other cultivated 
philosopher of his time. Professor Newell 
concludes ‘that although Newton did 
many chemical and alchemical experi- 
ments continuously for about thirty-five 
years (1661-1696) in his laboratory beside 
the great gate of Trinity College at Cam- 
bridge, his chief purpose does not seem to 
have been the transmutation of base 
metals into fine gold but rather a diligent 
search for a great principle which would 
transform disconnected chemical phe- 
nomena into a philosophical system.” 


The book is beautifully printed, and the 
publishers may well be proud of it. The 
two-page section at the end of the volume, 
headed ‘‘Sans Tache” and giving credit 
by name to each of the workers concerned 
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with the manufacture of the book, is an in- 

novation introduced by these publishers 

which might well be adopted by others. 
TENNEY L. Davis 


The Modern Calorimeter. WALTER P. 
Whit, Ph.D., Physicist in the Geo- 
physical Laboratory of the Carnegie 
Institution of Washington. Number 
42 in the American Chemical Society 
Monograph Series. The Chemical Cat- 
alog Company, Inc., New York City. 
194 pages. 18 cuts and diagrams. 
23 X 15cm. $4.00 net. 


This book presupposes a fair knowledge 
of calorimetric technic. Exact details as to 
procedure and dimensions of apparatus 
are in general not included. Abundant 
literature references cover these points 
very fully. 

“Considerable portions of it are de- 
voted to estimates and computations con- 
cerning the attainable precision or relia- 
bility of various methods or designs in 
calorimetry.”’ As a matter of fact, the 
prime purpose of the book is to give a 
unified account of recent progress in the 
matter of precise calorimetry. The im- 
portant contributions of Richards, Dick- 
inson, Barry, and the author are discussed 
very thoroughly. Dr. White’s discussion 
of the errors of calorimeters and methods is 
a masterpiece. Those who should evalu- 
ate the precision of measurements even 
in other fields, will do well to familiarize 
themselves with it. 

The chapter headings are Outline of 
Subject; The Fundamental Processes 
and Measurements; Methods in General; 
Particular Methods; Particular Appara- 
tus; Applications to Calorimeter Design 
and the Planning of Installations. The 
book does not include a discussion of the 
flow method and of some improved 
methods of mixing in thermochemical 
measurements. ‘The reviewer regrets that 
Dr. White does not discuss the errors of 
the measuring devices in use. However, 
this can scarcely be considered adverse 
criticism since the author’s aim is to discuss 
the calorimeter and not the thermometer. 


To sum up: the book fulfils its avowed 
purpose; it makes available much valu- 
able data not found in the literature; 
it should be indispensable to the advanced 
student and research worker in calorim- 
etry. 

Martcoim M. HaRInG 


Monographs on Biochemistry: Creatine 
and Creatinine. ANDREW HUNTER. 
Longmans, Green & Co., New York 
and London, 1928. vii + 281 pp. 
15.5 X 24.5cm. $5.00. 


It is always an important event in 
biochemistry when a new monograph un- 
der the general editorship of Plimmer and 
Hopkins comes out. All have been good; 
this one is superlatively so. 

Hunter has rendered a notable service 
to the science of biochemistry and metab- 
olism in writing this timely, scholarly, 
and readable monograph on creatine and 
creatinine. It is a happy coincidence 
that we should get at this time so clear 
a picture of what has been accomplished 
during the last twenty-five years on the 
important yet elusive problem represented 
by these two products; because the con- 
tributions of at least the immediate future 
are likely to represent new lines of work 
which scarcely could have been done in the 
past. : 

While the chief interest attaching to 
creatine and creatinine lies in their bio- 
logical significance and relationship, the 
first three of the nine chapters into which 
the book is divided deal with the dis- 
covery and chemistry of creatine and 
creatinine, including their synthesis, prep- 
aration and analytical determination. 
These three chapters, and the fourth on 
the biological distribution of creatine 
and creatinine, the author refers to as 
descriptive and comparatively easy to 
write, but they represent a very thorough 
sifting of much widely scattered literature, 
and should be of great value both to 
students and to mature investigators. 

The remaining five chapters deal 
broadly with the biological origin and 
metabolic significance of creatine and 
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creatinine. They represent a clear and 
judicial digest of the many conflicting 
observations and interpretations which 
have appeared since the separate deter- 
mination of creatine and creatinine be- 
came possible in 1904. In this digest 
the author has also incorporated construc- 
tive ideas of his own, and the whole is 
welded into a presentation so finished and 
complete that future students and investi- 
gators should seldom need to go elsewhere 
for facts or views about creatine and 
creatinine as found in the literature prior 
to 1926. 
Otro FoLin 


Laboratory Glass Blowing. Published 
formerly under the title of Laboratory 
Manual of Glass Blowing. FRANCIS 
C. Frary, Dir. of Res., Cyrm S. 
TAYLor, Phys. Chemist, Juntus Davip 
Epwarps, Asst. Dir. of Res., all of 
Aluminum Co. of America. McGraw- 
Hill Book Co., Inc., New York and 


London. Second edition. 1928. x + 
116 pp. 30 figures. 20.5 X 14 cm. 
$1.50. 


Messrs. Frary, Taylor, and Edwards 
have presented a revised and enlarged 
edition of a previous publication by 
Francis C. Frary. The enlargement, 
according to the authors, consists of an 
introduction of methods for working Pyrex 
glass and for the making of various seals. 

The book consists of six chapters, the 
first four of which are devoted to the most 
elementary details of working soft glass. 
There are several flaws of minor character 
in the authors’ technic, principally in their 
method of splicing or making joints. 
Their method of working large tubing is 
not given, although they state that cross 
fires are useful for this purpose. The 
writer’s impression has always been that 
cross fires were used principally for work- 
ing lead glass. 

The last two chapters, as well as the 
appendix, contain some very useful in- 
formation for the advanced technician 
and, possibly, for some professional glass- 
blowers who have not had the advantage 





of being associated with research labora- 
tories. 
The book, as a whole, is worthy of 
consideration. 
W. T. Levitt 


A Textbook of Elementary Qualitative 
Analysis. Cart J. ENGELDER, Ph.D., 
Professor of Analytical Chemistry, 
University of Pittsburgh. John Wiley 
& Sons, Inc., New York City, 1927. 
vi + 211 pp. 15 X 22.75 cm. $2.25 
net. 


The book is built up, in the conventional 
style of other books on Qualitative An- 
alysis, of four divisions: Part I, Theo- 
retical; Part II, Cation Analysis; Part 
III, Anion Analysis; Part IV, Systematic 
Analysis. 

Part I consists of an outline (56 pages) 
of the ionic theory, dealing with such 
phases as the mass law, ionization con- 
stants, solubility products, common ion 
effect, hydrolysis, amphoterism, complex 
ion formation, and _ distribution ratio. 
The presentation is wholly from the 
classical standpoint of Arrhenius, and 
no reference is made to the theory of com- 
plete ionization with its apparent indict- 
ment of the whole principle of ionic equi- 
librium. A certain explanation of the 
situation seems desirable, for doubtless the 
student will hear, sooner or later, that a 
reformation of this branch of chemical 
theory is impending. 

Parts II and III (77 pages) contain a 
number of general experiments to be per- 
formed by the student before undertaking , 
an actual analysis. Unless the laboratory 
administration is unusually efficient and 
rigorous, the experimental part of the 
work will become practically voluntary 
on the part of the student, for the results 
are generally fully described in the dis- 
cussions which follow. A good feature is 
the inclusion in the body of the experi- 
mental directions of discussions of the 
theoretical aspects of the various reactions. 

The analytical procedures are the usual 
ones, and no new separation or test has 
been noted. The nearest approach to 
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a new procedure is the grouping of the 
anions: Group I, anions whose acids are 
volatile; Group II, anions whose Ba** or 
Ca** salts are insoluble in water; Group 
III, anions whose Ag* salts are insoluble 
in dilute HNO;; Group IV, anions not in- 
cluded in other groups. 

A commendable departure is the use of 
ionic instead of molecular equations. 
The discussion of the making and balanc- 
ing of equations is also timely. Each 
block of work is followed by a group of 
questions that should be valuable in mak- 
ing the student interpret and correlate 
his work. The book has been carefully 


Radium Rays Test Flaws in Castings. 


prepared, and the reviewer has detected 
only a few mistakes in its pages. For ex- 
ample: In the test for CN~ (page 148), 
the alkaline solution must be acidified 
before the Prussian blue precipitate will 
form. ‘The ring test for NO.~ (page 165) 
is not due to the formation of HNO; upon 
acidification, but to the reduction of HNO» 
to NO by the Fett ions. The “Crt++t” 
in the third column of the diagram on page 
188 should read ‘‘CrO47~.” 

If vigorously taught, the book should 
give good service as a manual for students 
just beginning qualitative analysis. 

J. H. REEDY 


Using radium rays so penetrating that 


they can go through 15-inch pieces of metal to test for hidden flaws in large castings is 
one of the latest accomplishments of the Russian State Radium Institute at Leningrad. 

These ‘‘gamma rays,”’ as they are called, are similar to x-rays, but are of much 
shorter wave length. They are more penetrating and can pass through pieces of metal 
too thick to be examined with the x-rays. Examination by radium is said also to be 
cheaper than with x-rays, because the same radium can be used over and over for an 
indefinite time. Large and expensive photographic plates are not required, since the 
rays, after passing through the object, act upon a special, sensitive electroscope. The 
test record is preserved for future reference in the form of a simple diagram automati- 
cally traced. Another advantage is that gamma-rays speed up the inspection—it may 
be cut down to a couple of minutes for a large casting—while x-rays require a very long 
exposure, often of several hours, when metal is more than two or three inches thick. 

The apparatus, as developed by the Russian scientists, is very simply constructed. 
A tiny glass capsule with a radium preparation is inserted into a deep hole bored in a 
large lead ingot. This stops all rays, except a narrow strong beam that goes along the 
bore. This beam pierces the casting and encounters two filaments charged with elec- 
tricity and enclosed within a copper cage. There is an air space between the filaments 
and the cage which acts normally as a perfect insulator, allowing no electric current to 
pass through it. But as soon as gamma-rays have a chance to get in the cage they 
ionize the air and turn it into a conductor. 

Electricity from a battery flows from the filaments to the copper cage and from it 
passes through a galvanometer and back to the battery. 

As intensity of the rays changes with thickness of metal pierced by them, the rate 
of ionization varies accordingly. Therefore, the flow of electric current exactly mirrors 
the shape of the object under test. Any deviation at once shows that some imperfec- 
tion is present.— Science Service 
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